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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable an accurate 
beam-null control for the time and the beam forming 
direction, using a simpler configuration compared with 
conventional examples. 

SOLUTION: By a predetermined phase shift, variable 
phase shifters 3-1 -3-N phase-shift multiple radio 
signals of N pieces, which are received by an array 
antenna 1 00 composed of multiple antenna elements of 
N pieces, and a summing device 4 puts together and 
outputs the multiple phase-shifted radio signals of N 
pieces. A demodulator 7 demodulates radio signals after 
putting together into baseband signals, and a time 
division filter bank circuit 10 conducts time division so 
as to output one sample signal of non-perturbation term 
and multiple sample signals of perturbation term in 

series signals as different signals, based on the £ H | | 3H i 

demodulated baseband signals. A beam control 20 
calculates and outputs each phase shift of variable 
phase shifters 3-1 -3-N to conduct adaptive beam 
control, using a predetermined adaptive beam control method which turns the main beam of the 
array antenna 100 to a predetermined direction based on the signals after time division 
processing. 
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£<tfe(c» Sl>{cSg^^Snfc (M-l) ffl©iESH 
SSI 1 - (M- 1 ) 75M1 1 - 1 %ftl,X#0>?l>7 
7 1 2-0fcai7J3nS. CCT. lUgl 1 - (M 
- 1 ) *»6HWj3ftS-«-*'<> F®#u k «, ^-7> 
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*r^V'^ 1 2 - (M- 2) . TTAVZhV jfrZ 1 3 - 
(M-2) R^^>1f>^l 4- (M-2) 

il^HS§l 1 -mfrfcffl^Sti*^— K«#u fc 
« % #^>1f>:/^ 1 2-nu fr^^7>f;^13 

3Wc<-^A> Fft#¥ fc £ b*-AfjHJ®@SS2 
0&C£fcfr3ft, CCr% m = M-3. 0t»5. 
[002 3]@3«, S2<DB##«:7 -f Jl/£;<>£@Sg 

tt, — WiLt, N = M- KDl^in^o 
[0 0 2 4] 2«0k»«r», H3fc5W\fc9«: % IV 
>^0r>H#F a 1T*2^fJLT v B#HT/2tC:fc^T. M 

M«©*>^ni#tt, a»«spiaiS3 0Ta» 

( A v = o ) t % mmtfMM$& 3 o r«»s ftfcffllB«: 

(=m« i ) ffl©sft3i©*>^Mi# (saM*awff 

/*>*Httl Ott. MfflOif>^m^©5^, loo 
*8HKPl©1f > ?&im^ (Av = 0) M-lfflOjS 

nm<D^iy^)vm^ <j»f«uwEA vswwns tut) 

[0 02 5] H2CCte^-C, mam? 4)\'*'^9M1& 
1 0*6fflASnil*»«»l«O^^^>Fit* 

tc, fc*-AtfHj»gP2 1 CCj:0}B)e3tiaM»«»»i* 
«f£"5I**MBS2 2-0 *^l/rK-A«1BBB2 1 R 
0 f iJ»S2 4fcA#3ftS. B$^*I7 -f;Udr/f> 

ffl»¥ k ..tt. tf-AW»»2 lccjrojBsesnswfB 
fa»fir k **T*"SISEJ(M»2 2 -m^/rbtb-Aa 
8IJ8B2 lfcA#3ft* CCT, m=l, 2, M- 1 

— js % szmph&£«2 3imm<D— s<t%w*r^^s 

foil (Xttfflft) *#e k *tf-ABW 

§P2 lccffi^j-r^o ^-aw»»2 ltt, A*$n^i 

> Ffs-if y k . • nmy k . M-i i , M«wffl*r©*<~ 

F«-»V k ..t«:»^^r. B*iaaW*J:5K:- M — 
CMAStffl^t, «*WJBH»3 0©^-< v^V^a 

> F p-9 3 2 «WfBrur*"PB»ffi«3 - 1 7bS3 - 
N<0*WHWWiEEv k .i (i = l. 2, N) £8t 
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-SS»S2 2*6B#3ft*WM^e 
-^F^SrftSU W*3ftfe*ftS#e ■,©«*©« 

-*/OF«#y k ©^**b*:fci/*-^ ffiM§£22 
fPh ffi* 3 ti*«HM# e k {cS^>rS8Rlfl^ e k 

sh^we v k . , KOTnevMB 2 1 ©*• me & * *h* u 

ff«bfc&^MfPmEEv k<i SSS6^IslSS3 0 
10 *rt-Ur«pJ**BS3- 17iM3-NK:tH*TSi<!: 
*>fc. tf*UfciiiB*s k t^B»«BS2 lfcHJAT 

[0026] ffis&ftUnsss 3 0 isi&tf snuji a v £ 

^«aaMWP«BE«flfe»3 1 N*i©X>f 

4- lM34~Ni, Nffl©fl]IHS3 3- 175S3 3 

S3 1 fc: J: 0 ftfcfSS&tf JnfllEA v tt* -f * * 3 
4- 175S3 4-N©«»SbiCA#3ft. X-f**3 
4 - 1 75M3 4 -N<D«SUSatt*ti*ftS»3tiri» 
20 -So C*l6*-f **34- 175M3 4-N©«J0lft^ 

>FP-^3 2&C<fc?)*»Jffil3ti, CCt, #X^^^3 
4 - 1 7bS3 4 -NlilfS^aiKgg^ntl^ 

>^ft#*S«uri^tlrK:, H3tc^T<fc5«:, 1 

V>^l/©^»©I^BBT/2tC*5(,*r, M«2W«#<DM 
= N+ 1 <H<D^>^{f-^©5 %G> 1 o<D*8»SO* 
Zsy'MW^ (Av=0) frO^T, ^tBS3-17iS 
3-N5C»J&r*H»N ( = M- 1 ) ffl©8BW«<0*> 
30 («»^SEEAv^^«03n7c) iM&B&ft 

3tx6J:5CC. NfflO^>f ^^3 4- 175M3 4-N© 

c<htcj:o, tr-AM®«2 1 e>ta* s n 

miiv k . n (n= 1, 2, N)tC?tLrttI#S33 

- 1 t^M3 3-noh'oi orsn#ur^fsn-r^o fs 
n^AnBK3 oa>& w*3n*»tiWi»«Ei*»ffiW» 

mj5v k . n (n-l. 2, N) iL«h*ti8fi 
S3 - 175M3-NtCffl^f3n^o 
[0 027] tt*. FU-^>^«#*5t«UTl>S£ 

40 ^oc, JHl&^^ffiA v ^ttfiair £ <b ^ tr-AW» 
lass 2 0 ^ 6 3 n zmmmmR. v k . „ ^ , 

SOIhISS 3 0 * 6 ffl* 3 tiSSffifWflWtffi v k . . i 
[0 02 8] *SMlr^l^M-CMAffi 

^J3n/cTb-T>7 x ^l OOOTVfti^l -17!? 
Ml -NCCj:r>r3Ht3*i*:«««*l*» LNA2-1 
50 M2-N^{y-C, MM I CflerflJJSSnSW^tB 



13 

i§3 - 17bM3 -NKj:-o-Ct*ft»3hfc©%MS 

tt©a«si^gii" , mt&sR. 1 9 7 o*pj #j& > 

*Jf«,»T3c3tJ: 5(C*3ft*. 
[0 0 2 9] 

mil 

= SfcO>*,l V fc 2 — V*,l> 
JV 



20 



= Sk-l 



[0 03 0]±raSlK*sl>t> v k .,«:i#a©T> 

t^st- 1 - i K««s*a;fcT»ra»ffi»3 - i (cemds 

nsSUffllSJI-cab 1 !) . 0 ( • ) tt*BEWB83 - i ©SM 

^&3ft. A/D^feS9{Cj:»J A/D^$tiS. C 

y a )\> £ y > ^#35£ttK:*Tfoft;te i T -5 i . ffi#©« 
USexp ( j 2p f t) <D#»cW-C&^. fc/cU 

±**«ME"T 5 R F «©^^H*»t*** Oft 

c©*i-£\ e x p ( j 2 p f t > <mm£&mbti 30 

[0 0 3 1 ] A/D^§nfc«ffiftW-<-^^'> F 

w©agc wnit» s^jsemis 22-07&M22- 

(M-i) &cJ:»3tiili;*ft-S. Wsft©«#y k <bBFfM 

[0 03 2] 

[SSt2] e,= a'-g»' I s k I ' = cr p - I y k I " 40 
tctcb. 
[£fc3] y k = g k s k 

[0 03 3] C C-C. g k l*B^kfcfctt-S'5J^if*g& * 
A,l 3* | 

= gki\ S k( V k,l - V k,i +Av - %,l)l _ l S t( V *,l 
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* 2 2 - 0 7!fM2 2 - (M- 1 ) ©fdf#"e*S. Sfc. ± 

ek 2 (c*j w 5 i • i ». vmmomtui t^ct^ 

= 2-C*-5. C©, nJ^ii>fI3§©fJf#g k ; £:Tia©lftt 
[0 0 3 4] 

H*4] J = E [ I e k I ' ] -*m i n 
[0035] _Lf2i5t4 fCtel^T* J BnX r MifcT'cij 
10 K>. E [ • ] lttlte3|y&*Bl&H»re*9. l«pi* 
(CM-CMA»W8%i»l/Tl>5. Sf-p-C. WlA 

CO^^-SftKDSGD (Stochastic Gradient Decent) 
©JSSiCg-3(,>T#8& & i . BJ^if*SS©f!M# g k KM 
U-C BEIT©*** *) C i ft j; *) SjSfi**** 6 ft 
-5.. 

[0 0 3 6] 
[Sfc5] 

8J 

= gjfc-1 ' 



-M\ek\ q ~ 2e k 



\y k \ p ~ l \s k \ 



[003 7] ±ta^C5©m»^-r ? rf J *4Xrt ! y 
&P¥«ftSfl$tC*£. J-I2£fc4©f¥ffl£igK: 
, ±12Sfc 1 © t-Af^gOSfiSSES t?SB 
ft£0£fti=>> SGD©MS*>e>^^ ( 3il-r£liK: 

[0 03 8] 

a/ 

= "fc-U + ^ I I 5 " 2 ejfc I y fe l^" 1 A,- 1 y k \ 

[0039] c z-c> a, i • i » i mm<or>y"fm 

=$■ 1 - i {C«^^ftfcBjS^tSS3 - i (DMME^ 

So 

[0040] 
[^7] 



v*,i)l} 



©?'J»g k ^WCft< . ®m©CMASilH«iC^2-C 50 U JdE*e2ac«7*6WfBI«E©«aitf**»*«: 
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[0042] ±BK 1 r^Stlfc tf- A*J5aa*CDffl*« 

5 e COf^^W^V^iF IR (Finite Impulse 
Response) V a A^T^MM***^ Htt«C*(D€SS 
|»»T (z" 1/M ) ttHTO±5«c#^*-X^f4 

[0 04 3 ] 
[«8] 



A4L-1 



-UM 



—fx— 1*2 



= s 

i=-ML 
M-l £-1 

M-l 

= z r 

i*2 =0 
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* [0 0 44] fcJEU T, (z" 1 ) , 1=0, M- 

[0 04 5] 
UR9] 

[0 046]§7^ AstMDTsJjm^&s a*>^^©§7 

[0 04 7] 
Hfcl 0] 

T, (.2-*) = T. (z-* 1 ) ; 1. m=0. M-l 

[0 04 8] CCt, a frZ^lsZK&nm— <D 

20 «i % J«10tfllSftfc#57*-X7^> 

[0049] 
[«1 1 ] 

i~-L 

[0 05 0] C<DfI-"§£:DFT (Digital Furrier Tran 
sform) T*£;fc^<fc5fc«Stt5. 
[0 05 1 ] 
30 [R12] 



= Z 2 hi+i/MUjc-Q+i/M^expt-jlx—) 
i—Qi--L JV 

» ILh+lJMexpir&x- TT^) S *k-(i+l/M) ^(~j2tv ) 

= F(hi)F<u k ) 



N 



[0 05 2] fc/tU F (-)B-ODF TfttDS^* 
COtttfj*: I DFT (Inverse DFT) 1"hl3K 



50 



[0 05 3]»^ k #y7x-X^(D7^;l/^> 

?t?'JF ( l ) £»Af 
[0 054] 

[tl3] 4>(l) =diag [z" 1 z' 



(10) 
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z -i-c«-u/i<] % 

1 =-L. L- 1 

[0 05 5] CCT, =it r^H-raj Ci^fKl, 

diag ( • ) itrnm^-fv^nnmrnt-r^nn 

[0 05 6] 
[*14] 

4>s [T„ (z) T, (z) - T„. l (.z)1 T 10 
= [* (-L) <t>(-L+l) - *<L-1>] 
H 

[005 7]?c/£t> H= [h. L , h.L.t,,.. -. h 

A^^tcfcci-r, i mm&T^n-m* i - 1 a^JB 

[0 05 8] 

1*15] 20 



*,2 



^H-(M-1)/M] 



_ U k,N_ 



#H§2 0 0 2-76747 
18 

; [0 05 9 ] JJBttl 5CCte»SU k ., iW fc .,»*n* 

So 

[0 06 0] 

[tl6]W kl1 = diag [exp < - j 0 

(v k ,i) ) exp (- j £ (v k+l/ll .i) ) - ex 

P (~ j 6 ( V k + (l ,_i, /B .i ) ) ] 

HR1 7] U k .i = d i as [u fc .i u fc _ 1/M<i - 
[006 1 ] CODtf- A^J0«©H0J«#*±E« 1 4 

ot!»S2 2 - (m- i ) "*©AAfl»a** ens. t& 

^•©ffi^jfi^i' h A>V k tt±ffi* 1 5t^*3nfctf 

[0 062] 
[HE18] 





0^,1 ' 


T 


U k+L 9 \ 


u k+L-l,l 


• u k-iL-\\\ 










U k+L 9 2 


u k+L-\,2 


" U k-(L-V),2 


H 












" ^k-<L-\\N 





[0 06 3] CC~C. *<9 h-H-G,,.,* 

[f 19] ® k . t = tU».t.,. -. U»_, t .«.,] H 

CCT. m^<D^m^J:<. ±12*10© 

OS*B4tH-iftS (»1 1&{>**1 2*fl3C»r_h 
x&LfcjI 9 ) *CT. ^©ffi*0 k .,<!:*5< 

h;UP= [ 1. 1 ] £ffltr>T. h;U© 

[12 0] 0„., = e k .,P 

[0064] 
[»2 1 ] 



40 



50 



[006 5] ±BS»2 1 te#T>7^JKT- 1 - 1 7!S 1 

W»T <z) <D?4Z?&)1>7 4 frZZMMlrtc&iC. M 

[R2 2] W k T = [exp (-j 20 (v k(i ) , 
exp (- j 2 6 (vww-.i) ) . -] 



OD 
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tt, M=N+ 1 ibt^ 0 ) o 
[0 06 6] 

[8fc23] v ktl /..i = v kl1 : i*l<D££ 
v k + 1/M .i = v k>1 +A v ; i^lcDi^ 
ccr, i = l. N, rem=o. M-ir* 

[0 06 7] -Tttfe*. Mfl<D»ttLfcA*«#«?llK: 10 

S3 - 1 <DW»«BECC«W«»*^JC.S. £ftfc:<£r) , 
^IKl0O0#B©7^^ (02<DB##S!:7^ )\>% 

#V>V^y m 5 14-0) 36>6>»*89W«©«#V t .. 

(B 2 Offiffl*:? 20 

14-1) fr^te l#a<DT>f^ST- 

[0 06 8 ] 

[R2 4] y k .i = g k ? k .i 30 
CCT, i =0, 1 , M- 1 

[«25] e k = a p - I y k . 0 | ' 

[«2 6] Vu^v^.i + M I e k I q_2 e k I y k . 0 I 

( I y k .i I - I y k .o I ) 
CCT, i =0, M- 1 

«2 7] 

gk.^g^+M I e k I "~ 2 e k I y k . 0 I pl i ^ k . 0 I 
[0 0 6 9]— fflc % tfVVx-Xy UlZtLXlZT 

*-X{t"rSC<!:K:J:0RF»fll7 -f ^*^>^BK1 0 
[0 0 7 0] Hlfcfct»r, A/DSaft59Cc<tSA/ 

W;O^@I810K:A*3^ b B2<£>B##i«:7 ;V so 
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£1 3-0 7bM 1 3- (M- 1 ) (|^CXiJ7t?> 
^#*#*.ttc»J:5K::J--f hu-KZ>2««Jbt? 

^^**M-7x-XitrS*i^K:tt, A/DSE8SB9 

^cc t f = 2Mfciuw. > fl -eit, mmmm 

ZtitcMWmmi 1 -17111 1 - (M- 1 ) *c£DB# 
JHHlyfcSL M/2fg(D^>*9->^-7l 2-07iMl 
2- (M-l) -CM/2^tC^>^-S/3 >L/, 7* -ft? 
2)V7 * )\,% 1 3 - 1 3 - (M— 1 ) £g/cf£* 

4«©^>1f>^14-07iM14- (M-l) r 

*nz>o ate, 1 2-ojiMi 2- (m 

-D<DmWt£. 1 4-071M1 4- 

(M-l) CJXfflW*. #*.1/<B\ **l60SW2Mi 

[oo7i] *h*K^9wxk \ cxommz 

St§3T1t 1V>#^2 <N+l){g, "Tttto 
%7>^0MR-?«N + 1 CD2fgr^w^>^;l/b, 

x i /2 f>#)m^m&. §7>ftf? i - 1 

1 - N CC«tt3 3 - 1 7iS 3 - N fc» L 

$\ i v > ^(om^^m*? z> mc 1 o©7>ftf 

»4*7t5. ^fcL, «ttt#*«clr4IH*l/2S/ 

[0072] &t±mji i/tcj: 5 tc. ^msmmtzti 

e^iz-h ccjt« bT*»cciiiasc*> ^ u > ^%tf 
**A/DsaftB*4fiwt"tt-r. <saitt*©r^>^ 

[0073] <jni©^«>H4tt, mKomxfim 



(12) 
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0 <b b-A»iHg§2 0 a.aMWL^mtzfn y i7 0r$> 
<3, HlS.O*^2ipl— ©&©«[§!— ©W-Sf^ttbTt,* 

[ 0 0 7 4 ] m 1 ©HtK^JKKteO-C «. MilCDpJ^if 
*I£2 2 - 07!>M2 2 - (M— 1 ) Zmftm? 4 

fiJ»S.S*TS lffl©*JSE*W»2 2 *A/D8e»B 
9 Bf^SJ7 ^ Jl/^^^>^HgS 1 0 £©P H ||K:i¥Abfc 
Ci«r#SS[iL,-Cl^. CCt. K-AMM2 1tt, 10 
M— CMA&R: <tS e-A*K®Matc43i>T. iWffJWffii 
|>fCD-<-X^'> Ffl#y k . 0 (12©<-Xa-> Ffl^r 
V k . D ) -T ctx«, m4<D&ffrm? 4^ 

k . . *mmm « k ~c&m-? s c t tc± d iwrs c <t # 
jSMttrca%r ± 5 k , a/ dse&h 9 6 ©-<- * a > 

F(t^u,,*i5fflWWaifr©^-X/t> F«-5fy k .. (H 
2©^-X/-?>F«-^ k .„) ^B^s-td^gtb-cisiDm 
ir^io. 20 

[0 07 5] &.±<D£ SlCffimSiltcni (D^mUij: 

tin. m 1 wm^i&ictovzftfmMkK.mz.-c. ^ 

JWIS2 2©ffl«*^««:«^>S#*CisWC*. cn 
K<fc0. HH*fiR*£0tt^rfc3ilr>5^©»* 

[oo7 6] <m2<Dmmmm>m5^ *sw(c^s 

0 2 ©UttJ^^r* £ T U-7>ftCDM«81(Cfctf 
Zntm? 4)\s$rtZs>7Wl& \ 0 it*-AMfflI|HlSS2 0 
t©«j££7jVT:/n»*grc*»K E35©TRFiaS§6 

1 — 17SM6 1 — (M— 1 ) («T> *§*fcbt\ *3H?6 30 

017JMia4;RO*Cai OilU— ©feOSC-^-fKIBI 
— ©ff#£tfb-Ct,>-5„ CO»2(DiiiI©7U-7 

2©f-AfJffll[5IS§2 0K:«;^.-C, TDL (Tapped Del 

ay Line; £ * IK7 0*WT5 h7>X 

/t— J-;V7^I/*0K («T. TRFBSSil^. ) 6 

1 S <!: £ fC . ffttSBfi-T * B#2£^«^MSM - 

CMAft*JBl»Tatfffl©C-A«W*ff5 

SP2 1 t***.*K-.WW»BH,2 1 tififcCi^ 40 

[0 0 7 7] H5tefel*T> A/DgSJ»9*»£l»$MS. 
7 BBS 1 O^btffi^ft&^-X-'O 

Fff?*.. (m=0, 1. 2, M- 1 ) it. fc*- 
AfflmH 2 1 t MT R F UK 6 1 |*3©nJg[*9*Sg7 2 
-OfcA^Sn-Siifctc. WK(L-l) fl©Mi 
S§7 1 - 17iM7 1 - (L - 1 ) 3&Si6&&i&3trCfcS 
TD LIH8S7 0 ©^ 1 fg©i!5sE@S§7 1 - 1 tcA^Sti 

■s. ija^-x^o FM#v k . . txsmman 2-0 50 
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1 ) 1 - 1 7iM7 1 - (L - 1 ) RCTnJ 

SE«i«B7 2- (L- 1) *MtK-A«W2 1 t 
&tfft«S7 3Ktti;£>3tt£. TDLHIS7 OiCfc^ 

«aeSBB7 1 - 17&M7 1 - (L- 1 ) Uttl^ 
flA73 3 n SflM»*»r £© SgB&IR T /ett3S£ bT £H7J 
-r£„ CCt, «SB#rar«. $?* b < tt 1 -»#.rt>B# 

p^©i/2Ks:S3n-sds. fe 
[0078] sgsb.7 i -i3&>e.m*$ns. -c-* 

Fff#¥„..= b p k ©iK£H#b p k . a Bfc*-A$lJ 
W«2 1 tfcHtfjSftSi&fcK. U93ittS7 2-l 

*^L»rftmt»7 3ccnwjsn*. *fc. mm&7 1 

b p k . I «f-A$IJWS2 1 tlcmtlZftZttblC. 
pJSE*WHB7 2-2 £;fi-bTfln$§Li§7 3 KfflAShS. 

3 6&c. ss@ss7 i -3^e.a^3ns-<-x^*> f 

«^bp k ©31MM^bp k . 3 «t--A$lJ||)g|52 1 UCffl 

^^nsitfeK, ns&ttMS 72-3^ sass 
73icm^sn-s>„ s&KiawKor, SMHK7i- 

(L-2) ^6ffi^3n-S^-X^*> F«#b p k ©ii 
*>«:. ^*S*§S7 2- (L-2) ?r^UrJjnaLS7 3 

tcHi^sn-s. cct, Pisefttns (x»wf§ijais) 

7 2-075M7 2- (L-l) B^n^n. b'-A§!l® 
§P2 1 tKJ:OH5esti*if«*w.7!»Sw l . 1 -CA*3 

tisflr#**Wi (xi*w»in»> L.-rm^ju, cct, 

1S7 3«A7J3n^-^-X^'> FM-^b p k Rtf*©t* 
m (L- 1 ) ffl©SSil-^bp k . 1 7iMbp k . Lf 
L-C J0WS*©«^ t Hi77«-^ y k . . ( m = 0 . 1 , 
2, -, M-l) ib"Cb'-A$IJfflI§l52 1 t K.&tS? 

«c*. tH^M^-y k ..«> mmm2 4ichmt}sn 

^>„ c©<t5^m^-rsc:ik:±f). TDL1I7 0 

<t. *mmm&7 2-075^7 2 - (l- d tan 
§7 3i^mfcTRFiK6 i«wtts. -r^fc 

^Jf"ffiS2 2-07iM2 2 - (M- 1 ) ^@6©TRF 

[0079] mmmnmmm2 3 i*Bfs©-sffl 

2 4 «tt*m-^ 6 tiitlfm y k . . b 
"C. ^©^M (Xttfltt) «-^e k =&t*-A$lJ»ai52 1 
tJcHd^T-S., b'-A§fJ®lSP2 1 ttt. A^j3n-5>^M 
{f-^e k i > ^-^OKi#bk k t, ^©ii^fl^b 
k k . 1 75Sy k . l . 1 i. TRFH1SS6 1 -OJ5M6 1 - 
(M-l) ©3lia^©^-^^*>FM#y k .. (m = 
0, 1, 2, -, M-l) iKl-5t,»T, l9Snfll^& 
IM-CMAS^lDt, #nJ^^t@S3 - 17iS3 - 
NO««»IIWEv kl1 (i = l, 2. N) ^« 



(13) 
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i&tf ftMss 3 o zmwtz citcj;?) wmo^y vmtc 
vtmn s * . c nK «* <o mm- z> &mmzmm<DMfc 

u it» s titcmmm^ e k ©m*©#&4-< * v >wcas 

ftlO 0©^-A£i^©:fr^CfaW£fcai>©#;i£ 

tastes* j&-r s z-mmmmm v M a^nj^tiss 

7 2 -07bM7 2 - (L- 1 ) ©tPIgw.BSw^* 10 

w-^LT^n^n^Bis^tas3 - 1 bm3 -nms 

nJ^if*gS7 2-0 BM7 2 - ( L — 1 ) Ktttfc 

set*. 

[0 08 0] «±CD«fc5K:«^$tl^2CD|6te^®K 

IK2 0 t«. m^«^e„*3«/h«?:!a:.2»J:5tC. TU 
-T>Ti- 1 0 0©±tf-A**Mjg;m6j(CfilWj&vo. 

*tJi#SEfi©JBB8ft*TRFHIS6 l*fli(i>rB{Oii 20 

^fl^Jt (S/N) *3Jc#-rSCi*st?#S. Sfc. SI* 

L_ 1 * 

z k( v k,l'- v k,Ar) = S w k ( 

i = 0 



24 

* 2 ©saBBMrct*. namms 2 - 1 tsm 2 - nsj>* 

nj^rai§3- lftM3-N«. T>^3R-T-1 - IB 

S»4«»©HHfCB. *BHf«tfK*l* 1 o©*t?» 
to. fet, HI 0fc5**fl£*WeJfc«l/-C. ffi£*Wc 

[0 08 1 ] fctvc. JH2<MWBB»rfflt»*»6e- 

>FMy» = y k (v,,^, -. v k .,) «££o©t§H!{£ 
^■=e^u?&ffii»-r±s©SS 1 ©«fc ^KftfoTctis?^ 

-£„ C©^-*A> K«#y k «. TDLIS7 0 5:f 
-r^TRFIsiK6 1KA#$*1£.> TRFIhI8§6 IT 

TDLBfS7 0©#$» zfifi 6 Hi^J 3 ti 
n^n. •5J^tf«g|7 2-0BS7 2- (L-l) (Cfc 
«5 £ » ^"fl«tC*i*Mttw» ( i ) •Cl*#»3tlfc 

a. *#^7 3-cjjn#snr > «-Rt^rtfttim#y 

[0 08 2] 
CSS(2 8] 



i) 6p k - i(v k>1 ,-, v fc ^) 



[0083] CCT. tr-Ai^OWD^-OFi 
ff^fc*. ^(DCMAffiiiaK, T R F HISS 6 1© 

ffi#^z k ©^s^©*/Mfc*Las. m 

[K2 9 ] e k = a'- I z k (v k .„ -, v k .„) I ' 

[0084] 
[S3 0] 



L 9v k,iJ 



(i = l,- 



N) 



[»3 1 ] 

eI 



(i=0,-, L-l) 



[«3 3] 



v k= v k- 



w k— w k- r 



9e k - 



[0 0 8 5] CCC, p<tq(iCMAS©*SS©^Sn* 
7jVrfc©T\ ^BHi. p = Q = 2©i*#CMAfti«f 

Wl©IBBl»K«SM-CMAtB!*«:. n» 

ft:. Jb^3 n«i*©CMAffi£ra«ec#»4C£# 
-C#-S„ CCt, ffi;£HI^t-z k £z k =z k (v k (1) , 
v k (N) ) <tUT. ««OBWBM*J&lT©«fc5K: 

[0086] ±13^2 9 fcSIMHtKi U ±B8& 3 0 £. 

[0 08 7] 
* [»3 2] 

-2^1 gkj 



; ge k . 
3w k ( i ) 



«kF 



p-2. 



Sw^{ i ) 



0-4) 
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[0 08 8] ±I3S£3 2 £tfc3 3 ±K»3 
0SCJ^3 l£^J£T£Si*3/c&©TJl<:JyXA©3£ 
T**. JJHR3 2K*jtf*ii»^«tt» ±tB*fc2 6© 
fi®#©3£fl^£fflUTf#£C£3&n?#-5. — ±13 

^3 i tcfettsflHRawt. jfcJB»2 8©wa*«*a- 

r . ±i3Sfc 3 2 Rtfifc 3 3 OKA ittO. ^3C©«ttE 
[0 08 9] 

[«3 4] v l , 1 = v 1 . 1 . t + (i,e l " 1 I z, I '"'A, I 10 
z, I . ( i = 1 . -N) 

[«3 5] w„ (i) =w l . 1 (i) +M.B,'- 1 I z» I 
'•'z/y„ ( i =0. -L- 1) 
[0 09 0] fc/cU 
[8fc3 6] A, I z« I 

= A, I z k (v..!, -. v k ,,. — , v„.») I 
= I z k (Vk.». — , v k .,+Av, — , v k .») I 
- I Z t (V„,„ — , Vk.,, -, v k .») I 

[0 09 1 ] ±131514 6 tc*st»T\ A v «SSSb©/cSi>© 20 
ffel>3irc*»). ±K«3 4RWK3 5«:fct*SM,i*i. 
li^-ti^n. jg«S3-17i53-N©WW«EEi. "5J 
£i#M87 2 - 07SM7 2 - ( L - 1 ) ©*HBfltC*4 

[0092] 

[8SC37] m.= M»Av 

cct?. Avo^ftK-^r^-c&s. 30 

[0 09 3] JSLkBMB L-fccfc 5 fc, $«ifiKj:n 

^•5A/D^s^«£-a-r. Asata 
>;>^©$>f5>^iSMfe^£^s. HSgm 

£ LXsEfe'<c£.\z--&<Dfflm j &z>i><D%m&xt 40 

[0094] <m2<D$a&w>mi m 2 ©*^s 

0 £ t*-AfJ®HSS2 0 t a©#fi£=&^-r^ci 5. 2^"? 
[0 09 5] ^2©ga©15aiiCfcV>r«. MI(DTRF 

@s§6 1 -0M6 1 - cm- 1) zmtmyj 

^^HSS 1 0 £ b'-AilS2 1 t tOfSHcmX-X^tt 
3&S. CtiKftxT. t*-A0!|ffi!S52 1 ttrflS^tlSS 50 



HH©TRF@g&6 1 4A/Daf^H9 
£, Bf^-ftl7 -< Jt^z-O^HSS 1 0 iOMtCjf XLtcC 
£*««£l/t:«,»S. CCT, t-A«WI2 1tB, 
B^^{f#MSM- CMAStCiS tf-ASUfflWMKte 
t>T. ffJ#$iJffllB«©^-^>'- { > Km#y k .. (05Ck< 

-x^*> Fdf?,.,) Ztamt-rziP. cn«, H7 

tf-jrrsc£#-e££. Sfc. CtitC<fcoTf^b->r. 
H 7 Kfcot: 1 .£J8Sir^-r<fc -5 (c, a/d^H9 

h ©^— ^ > Ffi^- U k 3&> 6f!HffM$5BU©-<- 7. )^ 
[0 09 6] &L±ff>Jz 9 KaW5Stifc»2 J: 

nti. sg2©*flt^3SK:*jW.5.f¥ffl^k:J)a^.r, tr 
FHB6 l©TO*^KifcJ>S*4 ch 

[009 7] <m3 ©HSB$S>E8 tt. 
^ 3 <D$mitmX& 4 7 U -T > X^-©§IJiBlSlgiC*$ w 

m©*fs*^-r^as > 5'ia-c*t), m -m£H7&cra 

1 0 £|hj— ©^©fc-^-tw:!^— offf^irus. 

BP 2 lm*tr4t-iJW!liB2 0mtI*fctli* 

[009 8] t-AfW©@8&2 0 mtt> «iHiS7 SO'if 
#*J7-. -M/^i/^HKl 0 4/i-l/TA/D^S9* 
^©tt5^J<3#-C*-5.^-X^^> Kff?,.. (m= 0, 

1.2, -. M-i) icm^x. mm&m-rzmzz 
^01^3 o^sflai-r-sc£t<:j:t5JE-n-en^©->7 

-07iM8 2- (M- 1 ) ^6ai*^n-5-^-^^> F 
«#y*..<Da«M»«fl!«<fc«Ay»..*tf«U. WIS 
*lfc^{fcSAy k ..£> A/D»9*6I^S!7^ 
A'ir/Oi'SISl OfcrftLTaj^SftS-^-X/OFff 
■^Vk..£. n^it«*8 2*»6Ui*$nS'<-X^> 
K«#y k . . £ . *<-X'<> Fd-^k . . *^J3EWBB 8 

2 (cfc »3 wff wais nfc-^-x/o F«#y k . . <t-en 

©W^Mtfdk (#^*!JSiIg8 3©ffi^J-C$>^o ) £ 
©P5©^M{f-^ e k £ tCl^r, SteP^ffi-^ e k © S 
^¥^»3&i«/h£ J: 5 ±IST W -T >7~J-<D$. fc* 
- A 5£©*I^5C fa W -S fcfc©±i3S^ti*S.y c ±i3 

fijf#?k^H-»^t:-en-?n§pj^tas3 - 1 7!iS3 

-NRU^^ififlSS 2-075S8 2- (M- 1 ) tcffl 

^JT -5 C £ 4# « £ V rt >5 . 
[009 9] ^-A©JS|[hIE§2 0 mtt. b'-AflJ®a52 
lm£. ojg«iifgH8 2-07!FS8 2- (M— 1 ) £> 
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CCt, #nj^iil&li§8 2 -0 7bM8 2- (M— 1 ) 

SP8 l(Cj:»)^§ftS«WW»ff i T*t1Bl'T. fQfMHf 
©3nfc'<-^/f>F{i-^y k ..*fcr-A«»g52 lm 

mtSMS 3. m»S8 4RtfK-A*«*»2 1 mfcHJ 
AT*. JKlrVC. fHf-«J5'Jii8 3 ». fllTSi^K, 

l/CijiJK^fctHATS. 3 S»S8 4», «F 10 
#*IS«8 d „ * 6 -c - * > y k . „ *WM h xmm 

tf-AffHj®g&8 n*. AASftS-^-X^FM 

l m s mzm^xmwmm s k «anr u x^mmm 8 

2t£tti;7jT£<!:£<MC. IBBWWtBEv*., ( i = 1. 

2. -. n) *a»LT*hWinse*«e3- it^m 

3-Ntc£HAT£. 

[0 1 0 0 ] C<Dt*-Af(IMlSS8 O-Cii, A/D^S 
^CD-<-^^*> Fff^ k O^CS-^t,^r. M-LMS 20 

i^-xrO F«#y k . . <DffittM£fc©£{t*A y k .„£ 
ff#U ttS5n?c^{tfiAy k ..i. A/DSS»S9 

*6^si7 ^ *>si>*br i o *^-urHi*sns 

<-XA>Fi^? t ..i 1 nMii*SH8 2-0;n>M8 
2- (M- 1) *6ffiA3ft&<"<--*.>-?> Fft-^y,,.. 30 
i. ^-*^>F«#y»..©1WM!l«fid fc (W^WBI 
^8 3©(tiAt?*4. ) fc"C-*/t> Fff-5fy k .„£© 

5 JtffiT U-T>X^©^f- 
A£Bf5ECD:frfaiC|Sj W Sfca&©±iES^*Rtf JhfBfU 
»*fWUT*n*#v*Bia»ffi»3 - 1 7SM3 -NS 
CfBBEf»«»8 2-0B182- (M - 1 > KfHAT 

[0101] W±©J:5«c#J&3ftrcTU-T>-r:J-© 

EK*Jl>-C». tf-A©lfflI@K2 0mli. fc'-A 40 
@«2 0m(DXH8 4-cm£.2 tiZmmw^ e k 
OiSTftWtftii^K, 7U-7>ft 1 0 0 

fcrv-rv^tDMwarctt. mmmmz- 1 

^S2-NRC^BCWBB3-175S3-Ntt. T>7- 
1 - 17*21 -N©*^NK#Jfcl/fcNffl*jfc 
^dES4«l*©HI&-CH:. &Hg§*^S* 

« i o©*-csrtf. ta^r, m 1 o cc^-rsesswtit^ 
cD»*y>a:«r»©rflHi«^*ja>ttt,>. so 
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[0102] ^-C. hf- £MfflM&2 0 mitfcWSflJ 

»r^=fyXAKot»r«iB-r*. £T. ^E>tKS8 

2 - 075M8 2 - (M — 1 ) *6fc7J$ft£fW*W>;* 
[0 10 3] 

[S3 8] y k ..= g k ¥ k .. 

[0104] CCt, ¥ k ..«A./D^&ii9*6B## 
I3£*ra»8 2-0 7irM8 2 - (M- 1 ) ©*WC* 

•j . y k . . ttt»s«r*3 titm^m^ 8 2 - o t!>m 

8 2 - (M- 1 ) ©SffiAii^t^LTt^S,, C©i 
[0105] 

[S3 9] e k = d„-y k .„ 

[0 10 6] CC-C. d k «*f^«J§IJg§8 3*6©. «F 
[0107] 

[S4 0] d k = s gn [Re (y k ) ] + j • sgn 
[ I m (y k ) ] 

[0108] CCT\ Re [ • ] »»ia©sa»*s%rH 

Im [ • ] B5l»©itK*5*TW*r*S. 
Sfc. sgn [x] BfaWflg(BB«T*»). «T©J:5 

[0 109] 

[2^4 1 ] sgn [x] 
= 1 ; x^0©<!:£ 
= - 1 ; x<0©<fcg- 

[0110] C©B#. #pJ^lf*sS8 2 - 075M8 2 - 
(M- 1 ) ©MflK*»SM>J:5K:japfSn*. 
[0111] 

[&42] g»=g,.: + tfRe [V...e k *] 
[0112] CCt. uVS.*7-~j ■fy-JZrt^j*-** t 

max. o < m < i x<D : m.^tt'mmx%>z>. sfc. *** 
a«^s:*^-r. — ^, nj^{4tis3 - i ©m»«ee« 

[0113] 

C»4 3] v k ., = v k . l . 1 + ,LtRe (e.'Ay,.,) 
[0 114] C©<t*. ^bJtAy».,l*»StoJ:9K 

[0 115] 
[»4 4] Ay k ., 

= y k .« (vi.,,„ — , v k .,.,+Av, — , Vl,,,) 
-y k .o (v k . 1 . 1 , — , v k .,.i. — . v».,.») 
[0 116] »4 4©*a©JH233B* < S«l«E«FfftI 
U^c^i#©^k- lCDfffiiaiEvt.,.,, 
v,.,.„ -, v k . 1 ..*»^lSBW»3- 175M3-N 
tcEPttl O fc i # ©Wf#f«ffll 3 n/c-<- X^'> Ffi #y „ 
4fT. S/c. ^4 4©*ffl©^l^tt. BfMk-1© 
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j&fBSUflPSBEv -. v„.x.,, -, Vk.^.tcfl] 
AT. W i f@OT>ft*^ 1 - i KSft&rS BiJSE* 
*B83 - i CD*icSf«&aEAv4^-«:*>Wfcit©fiJ 

f#s#p$ftfc^-x^>F«#y k . 0 %^-r„ -eo-c, 
&4 4TisnMy k . , «cfte> 2 -oom-^-omt 

{tare**. 

[0 117] fie-?-?:, «4 3*»6W6*»ttJ:5«:. It» 
LfcKftlBJ^©^-^-''?^ Fft#y k . oO^-fbSAy,, . , 

i , is^ft^ e k t imn^xmmmms. v k . , 

82-075182- (M-l) 

weir, aa^eM^^s^tb (c i r) 
[0118] &mmfcw&c$s\,*xix. mmwmz. a/ 

Hfc&"<- x FAT* y „ . . Lett VX f j i> $jumw& 
micj: *) m>, a?g^ ( R F3?) <D*mWBaM 

- x^> FflW y k . . 4V>% ;l/ft# £ LTf#P>n-5> 
rc»sfc*. ^L,fc7;wyXA& tm-lms&j 

[0119] «J«Mil/fcJ:9«c» ^3eSfe^?J«:J:ti 
K. M-LMSS%ffll»ttr-AMait4©t?> DBF 

j^*r*oTftJHKj**4>*ti». TDMAff 

mm ztiz>7' i )T>7')i'-pcDM. a mxmm § n s > •* a 
WRmtiit (c i r> asv^*. -r^t>^> grS(t# 

^tm^xSi -?x t>33ttcaaaw^*fT^ c 
[o 1 2 o] *fc. ^te^sitcAnK, #y:7*«-x 



#1320 0 2-7 6 7 47 
30 

«e i> -c#*«:*aa * > y v > z a /d 

[0121] <03©^ct>@9»> mzowmm 
(Dm&mxhz . #mwit&zm 3 <r>^mm<or u-r 

0 «t f- A*J@J|eI8§2 0 ma©f^iT^n » 

H8 ©^©ttpl— ©#^%#L.Tt=>S. 
[0122] J»3<WWBI5»K:4»V»'C». ^ifflil8 
2-075M8 2- (M-l) Zmftm? 4}V$J*y?m 
m 1 0 t ¥-A>fflW$l2 1 miorBltCffi^riffc^ £ 

tKcft^r. t-A$u®giJ2 i m-cfBjesns«*«» 

£#T£ 1 ffiCDnJ^WIS8 2 =&A/DS^S9 ^ 
4 JV*J1>{?M&1 0i<DP^C#ALfc£<fc%# 
^il/r^S. ££-?. f-A*lJ^gP2 1 m». M-L 

^i-r^, £n«, msoMfftMi 4 )\>%j*>t> 

@S§1 0^6to^^n-S-^-XA>F«-#V k .o ; Sr$'J© 
f IW g k -C Bfc#-r -5 £ i iC <£ 0 l+ff -T S £ i ^t? fif s . 

£txtcio-cft*3-3r. ia9{c*jir>-r lj^iftSiT 

^-TJ:^^. A/D^S9^6©-^-X^>F<t-^u 

[0123] «±©J: ^ K«fiSStifcJH3 «fc 
iWSS8 2<ZHl^*^:i|@tc^ca>S«5£i*st?* % £tl 

[0 124] <f6©S0B«>a±©**BP»{Cfel.>"C 
B, A/D^«IS9%ffl^r^-^A>Fm^A/D 

=£tf-p-CC^*s. A/D^^9=&»A^r, ^©^© 

[0125] «±©^^m«:43c^r«. mnhttwmm 

3 0 StT- AiW®J|H!Sg2 0. 20 a, 20t. 20 
ta. 2 0m, 2 0matUM<DMmxffi!&ZtlXl,>2> 

m$)Wjtm?& 3 o ©®i«g£-& e- AmpBB 2 0 , 

20a, 20t, 20ta, 20m, 2 0 m ap*3{C*5l^ 
[0126] 

:J<y7s-X7^Vir?:l£;fflL/fcM-CMAa©7 



(17) 
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[oi2 7] gmttt or qp s K$emtt*m<,\ 

fc. Sfc, £3tsS§«:AWGN (Additive White Caussia 
n Noi se) ? + * U fc. T>f~i~ Itm&gffiffi 

#M*£tt - 5 0 gl<Dj?mfr 6. =p 3 0 ao^|aj*> 
6^U"^Jl'-CA«fr-53S^%lS5tL/fc. M-CM 10 

AS©iS*p = n = 18:g£t> ^f?WXji = 

0. 0 0 0 1 t L-fco jraigO^EOfc»*-^t> 

^©^#3£«iEffl#|nlK: f-A4Ml/ti,^. 
[0 128] 11 1«\ mi OSSWB&MkOi' 5 » 

a >mm-c& -* x 4 mi- y -tt u- t > ^©«^© 
fg(Sjtt^"^->^-r^7-c*-s„ si i3&>e.ne.*> 

5 fC> #Mi£#ftCCJgfMEJ?© 1 2 d BigOT U 

s. 

[01291I12B, f 1 ©Hi£f£*J©-> 5 ^ V 
a >S»t*ot4ff , J -77 U-T>^©*&^© 
JB2S«/«t***;Jt (CNR) IdtiTZifv hx^-U 
-h (BER) Otttl:fti'7 7t*5 I il2(C*J 

M-CMAftfeffll,>fc7m ^7U-B«a» 

1 . 5 d b Ktsnsia-rsftnfcifttt^en-s c -ta* 

t©l. 5 dB©mtt±a£bfc50Kt*f-rs 
ttflHSTK: «fc £ &© 6n^ . 
[0130] «±ltt9i bfc <£ 5 K. /JnM • fi««Mt#rBI 

as t-- A*ja^r pjei i -r sm - c m Aft (Dimmum 

^;i/^/-?>^*fitA/c^H7 ^ ji/^^i'igBSi o# 
X7^;^ KtifSH^W fcflfiSW^^ ft # £ IS ») 
[0131] 50 



2002-76747 

32 

V ? X.—X7 4 )1<%j*i< fx- -< ji<£a># 
@H5*ffllr»«Ci«:J:t). #Bl-r^*fI-5f©U- h£{£ 
T3 tffeo&r >^^-3R7-fc»j£"r S«K©Saft3B©fll 

h {ttbK L r *flttc V y > e^*ff it 5A/D 

geft&*4B«£i±r. ®»i*s©-r-9->^y>^©d» 

tcit'-A©^®-? 5 ^^©*!]!?* 3 ^^ 
[Hl&DflML&KH] 

[0 1 ] *»9HettS# 1 ©*Ma«C*.&T U-7 

>7"7-©$fl»^ffi©«sg=&^-r^a s. ^sr-**. 

[0 2] Sl-©^fl7 ^^df^O^HKl Oit- 
ASW8PHSS2 0 £«ttttftlBB3 0©fi^ffl^crta5«fig=fe 

[03] 02©B#^t!i7 * }\st"*>?m&i ootm 
[04] mivmnjtmoymmx&z. 

tm? <t )\r%rt>t>Wl&\ 0ifc*-A§IJ®I!ilSS2 0 a© 
[05] *BWC«*W2©HEtl9^«tr**TU-T 

0 i t-Aft!WiElK2 0 t ©fltfiS*^-r^n f ^0-r-* 
[06] 05©TRF@8§6 1 ©l^ffl^rtSWf 

[07] ^2©ni6^©^0s-c*s> xmiicm 
tmv 4 )\,%rtzs>?m& \ o t b--Aft»iags2 o t a 

©ItJ&SrTiVf ^0-C*-5„ 
[0 8] 2fc^Bj(c#^m 3 ©5dBBtt"C* S7 U-T 

[09] ^3©*ffi?f^©^^-C*S, *^(c^ 

*>m 3 ©ggf^©r u -r >^^©»HfflJiiK{c*j » s# 

4 KZ'-OZmi&l Oib*-A$IJ®J06S2 Oma 

[010] mm(DTu~T>^<mwm&<DMf$. 
[Bin n ommBmo)^ 5 * u-~> a >s^r 

* -> r 4 y -T T u- r > f- -7-©^©f g[SJtt^- $ 

— > &7jk-§~ v "c 4) & „ 

[012] mi omsmmois 5 * U- ^ a >s*-c 

*- 5 t4l?'J-77V-7>f7-Oi^CDffiia/i 
*IS7jit (CNR) tC*fT5f s> (BE 

r) ©ttt^t^77t&s. 
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1 - 175M1 -N-r>^±m^ 

2- mm2-N-mmmm%r <lna> , 

3- ljsms - N-*j&mm. 

4- £j£g, 

5 - dM*:/ 3 

6- flWM7^* (BPF) , 

8-is«aai7^>u* (lpf) % 

Q-A/DSSWk 

1 0-Bf»»7 ^>^>^BR, 

11-1 JiS 1 1 - (M- 1 ) -aBSSK. 

1 2 -OTiMl 2- (M— 1) -^^7>1f>^, 

1 3 -0M1 3- (M- 1) * Jl/*, 

14-0 7!jM 1 4 - (M-l) -^>1f>^, 
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* NOTICES * 
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precisely. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] two or more — two or more [ by which N antenna elements were received by each 
antenna element of the array antenna which it comes to juxtapose each other at the 
predetermined spacing ] — two or more [ to which the phase shift only of the predetermined 
amount of phase shifts is carried out, and it outputs N radio signals, respectively ] — with N 
phase shift means A synthetic means outputted from each above-mentioned phase shift means 
to compound two or more radio signals of N individual, and to output the radio signal after 
composition, A recovery means to restore to it and output the radio signal outputted from the 
above-mentioned synthetic means to baseband signaling, A gain control means to carry out gain 
control of the baseband signaling outputted from the above-mentioned recovery means, and to 
output it on predetermined gain, A subtraction means to generate and output the error signal 
between the baseband signaling outputted from the above-mentioned gain control means, and 
the reference signal of a predetermined value, Only a predetermined shift amount is made to 
precess each amount of phase shifts of two or more above-mentioned phase shift means, 
respectively. So that the dip vector of the power of the error signal outputted from the above- 
mentioned subtraction means over each amount of phase shifts may be calculated and the error 
signal concerned may serve as min based on the dip vector and the above-mentioned error 
signal of power of an error signal which were calculated In the control unit of the array antenna 
equipped with the control means which calculates the gain of each amount of phase shifts for 
turning the main beam of the above-mentioned array antenna in the predetermined direction, and 
the above-mentioned gain control means, and is outputted to each above-mentioned phase shift 
means and the above-mentioned gain control means, respectively The above-mentioned 
baseband signaling includes a sequence signal including two or more sample signals. It is inserted 
and prepared between the above-mentioned recovery means and the above-mentioned gain 
control means or between the above-mentioned gain control means, the above-mentioned 
control means, and the above-mentioned subtraction means. At least one sample signal in the 
period which it does not precess based on the baseband signaling inputted, The control unit of 
the array antenna characterized by having further a time-sharing processing means for two or 
more sample signals within the above-mentioned sequence signal in the period which it 
precessed to differ and to perform time-sharing processing so that it may be outputted as an 
output signal. 

[Claim 2] The above-mentioned gain control means is the control unit of the array antenna 
according to claim 1 characterized by being a transversal filter circuit. 

[Claim 3] two or more — two or more [ by which N antenna elements were received by each 
antenna element of the array antenna which it comes to juxtapose each other at the 
predetermined spacing ] — two or more [ to which the phase shift only of the predetermined 
amount of phase shifts is carried out, and it outputs N radio signals, respectively ] — with N 
phase shift means A synthetic means outputted from each above-mentioned phase shift means 
to compound two or more radio signals of N individual, and to output the radio signal after 
composition, A recovery means to restore to it and output the radio signal outputted from the 
above-mentioned synthetic means to baseband signaling, A gain control means to carry out gain 
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control of the baseband signaling outputted from the above-mentioned recovery means, and to 
output it on predetermined gain, A sign distinction means to output the sign distinction value 
signal which distinguishes the sign of the baseband signaling outputted from the above- 
mentioned gain control means, and shows a sign distinction value, A subtraction means to 
generate and output the error signal between the sign distinction value signal outputted from the 
above-mentioned sign distinction means, and the baseband signaling outputted from the above- 
mentioned gain control means, The variation which only the predetermined shift amount was 
made to precess each amount of phase shifts of two or more above-mentioned phase shift 
means, respectively, calculated the variation before and behind the perturbation of the baseband 
signaling outputted from the above-mentioned gain control means to each amount of phase 
shifts, and was calculated, Based on the baseband signaling outputted from the above-mentioned 
recovery means, the baseband signaling outputted from the above-mentioned gain control 
means, and the error signal outputted from the above-mentioned subtraction means, so that the 
root mean square of the above-mentioned error signal may serve as min It has the control 
means which calculates each above-mentioned amount of phase shifts and the above-mentioned 
gain for turning the main beam of the above-mentioned array antenna in the predetermined 
direction, and is outputted to each above-mentioned phase shift means and the above- 
mentioned gain control means, respectively. The above-mentioned baseband signaling includes a 
sequence signal including two or more sample signals. It is inserted and prepared between the 
above-mentioned recovery means and the above-mentioned gain control means or between the 
above-mentioned gain control means, the above-mentioned control means, and the above- 
mentioned subtraction means. At least one sample signal in the period which it does not precess 
based on the baseband signaling inputted, The control unit of the array antenna characterized by 
having further a time-sharing processing means for two or more sample signals within the 
above-mentioned sequence signal in the period which it precessed to differ and to perform time- 
sharing processing so that it may be outputted as an output signal. 

[Claim 4] The control unit of the array antenna which is inserted and formed in the latter part of 
the above-mentioned recovery means in the control unit of claim 1 thru/or the array antenna of 
one of 3 publications, carries out analog-to-digital conversion to the baseband signaling 
outputted from the above-mentioned recovery means, and is characterized by having further a 
conversion means to output the digital baseband signaling after conversion. 
[Claim 5] two or more — two or more [ by which N antenna elements were received by each 
antenna element of the array antenna which it comes to juxtapose each other at the 
predetermined spacing ] — N radio signals using two or more phase shift means with the step to 
which the phase shift only of the predetermined amount of phase shifts is carried out, 
respectively The step by which the phase shift was carried out [ above-mentioned ] and which 
compounds two or more radio signals of N individual, and outputs the radio signal after 
composition, The step which restores to the radio signal after the above-mentioned composition 
to baseband signaling, and the step which carries out gain control of the baseband signaling by 
which the recovery was carried out [ above-mentioned ] on predetermined gain using a gain 
control means, The step which generates the error signal between the baseband signaling by 
which gain control was carried out [ above-mentioned 1 and the reference signal of a 
predetermined value, Only a predetermined shift amount is made to precess each amount of 
phase shifts of two or more above-mentioned phase shift means, respectively. Calculate the dip 
vector of the power of the above-mentioned error signal over each amount of phase shifts, and 
so that the error signal concerned may serve as min based on the dip vector and the above- 
mentioned error signal of power of an error signal which were calculated In the control approach 
of the array antenna containing the step which calculates each amount of phase shifts for 
turning the main beam of the above-mentioned array antenna in the predetermined direction, and 
the gain of the above-mentioned step which carries out gain control, and is outputted to each 
above-mentioned phase shift means and the above-mentioned gain control means, respectively 
The above-mentioned baseband signaling includes a sequence signal including two or more 
sample signals. It performs between the above-mentioned step which carries out a recovery, and 
the above-mentioned step which carries out gain control, or between the steps which generate 
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the above-mentioned step which carries out gain control, the above-mentioned step which 
carries out count, and the above-mentioned error signal. At least one sample signal in the period 
which it does not precess based on the baseband signaling inputted, The control approach of the 
array antenna characterized by including further the step which performs time-sharing 
processing so that it may be outputted as an output signal with which two or more sample 
signals within the above-mentioned sequence signal in the period which it precessed differ. 
[Claim 6] The above-mentioned step which carries out gain control is the control approach of 
the array antenna according to claim 1 characterized by performing using a transversal filter 
circuit. 

[Claim 7] two or more — two or more [ by which N antenna elements were received by each 
antenna element of the array antenna which it comes to juxtapose each other at the 
predetermined spacing ] — N radio signals with the step to which the phase shift only of the 
predetermined amount of phase shifts is carried out using two or more phase shift means, 
respectively The step by which the phase shift was carried out [ above-mentioned ] and which 
compounds two or more radio signals of N individual, and outputs the radio signal after 
composition, The step which restores to the radio signal after the above-mentioned composition 
to baseband signaling, and the step which carries out gain control of the baseband signaling by 
which the recovery was carried out [ above-mentioned ] on predetermined gain using a gain 
control means, The step which outputs the sign distinction value signal which distinguishes the 
sign of the baseband signaling by which gain control was carried out [ above-mentioned ], and 
shows a sign distinction value, The step which generates the error signal between the above- 
mentioned sign distinction value signal and the baseband signaling by which gain control was 
carried out [ above-mentioned ], The variation which only the predetermined shift amount was 
made to precess each amount of phase shifts of two or more above-mentioned phase shift 
means, respectively, calculated the variation before and behind the perturbation of the baseband 
signaling by which gain control was carried out [ above-mentioned ] to each amount of phase 
shifts, and was calculated, Based on the baseband signaling by which the recovery was carried 
out [ above-mentioned ], the baseband signaling by which gain control was carried out [ above- 
mentioned 3, and the above-mentioned error signal, so that the root mean square of the above- 
mentioned error signal may serve as min It has the step which calculates each above-mentioned 
amount of phase shifts and the above-mentioned gain for turning the main beam of the above- 
mentioned array antenna in the predetermined direction, and is outputted to each above- 
mentioned phase shift means and the above-mentioned gain control means, respectively. The 
above-mentioned baseband signaling includes a sequence signal including two or more sample 
signals. It performs between the above-mentioned step which carries out a recovery, and the 
above-mentioned step which carries out gain control, or between the steps which generate the 
above-mentioned step which carries out gain control, the above-mentioned step which carries 
out count, and the above-mentioned error signal. At least one sample signal in the period which 
it does not precess based on the baseband signaling inputted, The control approach of the array 
antenna characterized by including further the step which performs time-sharing processing so 
that it may be outputted as an output signal with which two or more sample signals within the 
above-mentioned sequence signal in the period which it precessed differ. 
[Claim 8] The control approach of the array antenna which is performed after the above- 
mentioned step which carries out a recovery, carries out analog-to-digital conversion to the 
baseband signaling by which the recovery was carried out [ above-mentioned ], and is 
characterized by including further the step which outputs the digital baseband signaling after 
conversion in the control approach of claim 5 thru/or the array antenna of one of 7 publications. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control unit and the control approach for 

controlling the array antenna equipped with two or more antenna elements. 

[0002] 

[Description of the Prior Art] Drawing 10 is the block diagram showing the configuration of the 
control device of the array antenna of the conventional example. A radio signal is received in 
drawing 10 by the array antenna 100 by which it comes to juxtapose two or more the antenna 
elements 1-1 thru/or 1-N of N individual on 1 straight line at the predetermined spacing 
mutually. The radio signal received by each antenna element 1-1 thru/or 1-N, respectively A low 
noise amplifier (LNA) 2-1 thru/or 2-N, the down converter 5-1 that carries out frequency 
conversion to the intermediate frequency signal of a predetermined intermediate frequency, or 
5-N, It is outputted to the beam control circuit 93 and a variable phase-shifter 91-1 thru/or 91- 
N through A/D converter 9-1 thru/or 9-N which performs the demodulator 7-1 thru/or 7-N and 
the analog / digital conversion which restores to an intermediate frequency signal to baseband 
signaling. A variable phase-shifter 91-1 thru/or 91~N output the baseband signaling inputted to 
the synthetic vessel 92, after carrying out the phase shift only of the amount of phase shifts in 
which it is directed from the beam control circuit 93, respectively. The synthetic vessel 92 is 
outputted to an external device while it carries out power composition of the baseband signaling 
of a two or more N individual inputted and outputs the baseband signaling after composition to 
the beam control circuit 93. 

[0003] Each baseband signaling into which the beam control circuit 93 is inputted from A/D 
converter 9-1 thru/or 9-N here, Adaptation beam control algorithms, such as technique based 
on the criteria of MMSE (Minimizing Mean Square Error), such as law, are used, the baseband 
signaling after composition — being based — for example, well-known LMS (Least Mean Square) 
— It outputs in order for the baseband signaling after composition to serve as max, and to 
calculate each amount of phase shifts of the variable phase-shifter 91-1 by which an array 
antenna 100 turns the main beam in the predetermined direction thru/or 9 1-N and to control 
each variable phase-shifter 91-1 thru/or 91 -N. 

[0004] The so-called control device of the ecad array antenna constituted as mentioned above 
is highly efficient antenna control equipment which can obtain the directivity response pattern 
which was adapted for the received electric-wave environment by combining with two or more 
antenna elements 1-1 thru/or 1-N, and radio set circuits the variable phase-shifter 91-1 which 
is a digital-signal-processing circuit thru/or 91 -N, the synthetic vessel 92, and the beam control 
circuit 93. the configuration which used the digital beam formation circuit (DBF) in the 
conventional example of drawing 10 — it is — forming the main beam of an array antenna in the 
direction of a request incoming wave **** — the direction of an interference wave — null — it 
has the function to form a point and to remove this. 

[0005] However, since A/D converter 9-1 thru/or 9-N needed to be used for the receiving- 
circuit (low noise amplifier 2-1 thru/or 2-N, down converter 5-1 or 5-N and demodulator 7-1 
thru/or 7-N) list for every antenna element 1-1 thru/or 1-N, there was a trouble that hardware 
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magnitude and power consumption became large. Especially, when it is a high interest profit 
antenna with many element numbers of an antenna element, especially this problem will become 
serious. Furthermore, since it receives for every antenna element, there is also a fault that 
actuation becomes difficult under the environment to which signal level fell. 
[0006] In order to solve this trouble, this invention persons "For example, the conventional 
technical reference 1 "M-CMA besides Tano (Modified Constant Modulus Algorithm), - In digital- 
signal-processing algorithm-" for adaptation beam shape ** by microwave signal processing, the 
Institute of Electronics, Information and Communication Engineers research report and A~P 99- 
62, and pp.15 1999 [ -22 or ]" M-CMA (ModifiedConstant Modulus Algorithm) is proposed as 
adaptation algorithm suitable for the adaptive array which performs beam shape ** with this 
microwave band, and performs digital-signal-processing control. By this M-CMA method, it is 
premised on constituting a beam formation machine from a variable phase-shifter and an adder 
for simplification of a hardware configuration, in order that the M-CMA method may make a 
valuation basis minimization of the average square error of amplitude deflection like the CMA 
method — the CMA method — the same — beam steering and null — the concurrency control 
of a steering is possible. Needless to say, since it is positioned in a blind algorithm, before the 
M-CMA method establishes frame synchronization, and a frequency and phase simulation, beam 
formation is possible for it. Therefore, beam shape ** is performed before various synchronous 
establishment and from a beam formation machine, since the high signal of SINR (Signal to 
Interference and NoiseRatio) is supplied after IF stage, various synchronizations also have the 
advantage of being easily establishable, under the inferior SINR environment. The M-CMA 
method presumes the dip vector in the error flat surface over the control voltage of each 
variable phase-shifter using a perturbation theoretically. 
[0007] 

[Problem(s) to be Solved by the Invention] However, by the M-CMA method, the output signal 
(perturbation term) of the beam formation machine when giving a perturbation to the input signal 
of the same time of day and the output signal (non-precessing term) of the beam formation 
machine which is not given are needed in an updating type. There is an approach using a high- 
speed sampling as a means to ask for this in approximation. This samples the output signal of a 
beam formation machine at a high speed to a symbol rate, and uses the signal with which this 
output adjoined each other as "a non-precessing term" and a "perturbation term" at the same 
time it applies a perturbation. If the effect of a noise is disregarded, correlation of the signal with 
which the output signal of the beam formation machine by which the high-speed sample was 
carried out adjoined each other will be dramatically high to this principle of operation, and it will 
use that the difference among both is only a difference in the existence of a perturbation for it. 
However, there was a trouble that the A/D converter which can perform a very high-speed 
sampling in this case as compared with a bit rate being needed, and sampling timing adjustment 
were difficult, and circuitry became complicated. 

[0008] The object of this invention solves the above trouble and it is in offering the control unit 
and the control approach of an array antenna as for which control of the main beam and control 
of null are made to accuracy as a beam formation direction in time [ as compared with the 
conventional example, a configuration is easy, and ]. 
[0009] 

[Means for Solving the Problem] the control unit of the array antenna concerning this invention - 
- two or more — two or more [ by which N antenna elements were received by each antenna 
element of the array antenna which it comes to juxtapose each other at the predetermined 
spacing ] — two or more [ to which the phase shift only of the predetermined amount of phase 
shifts is carried out, and it outputs N radio signals, respectively ] — with N phase shift means A 
synthetic means outputted from each above-mentioned phase shift means to compound two or 
more radio signals of N individual, and to output the radio signal after composition, A recovery 
means to restore to it and output the radio signal outputted from the above-mentioned synthetic 
means to baseband signaling, A gain control means to carry out gain control of the baseband 
signaling outputted from the above-mentioned recovery means, and to output it on 
predetermined gain, A subtraction means to generate and output the error signal between the 
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baseband signaling outputted from the above-mentioned gain control means, and the reference 
signal of a predetermined value, Only a predetermined shift amount is made to precess each 
amount of phase shifts of two or more above-mentioned phase shift means, respectively. So that 
the dip vector of the power of the error signal outputted from the above-mentioned subtraction 
means over each amount of phase shifts may be calculated and the error signal concerned may 
serve as min based on the dip vector and the above-mentioned error signal of power of an error 
signal which were calculated In the control unit of the array antenna equipped with the control 
means which calculates the gain of each amount of phase shifts for turning the main beam of the 
above-mentioned array antenna in the predetermined direction, and the above-mentioned gain 
control means, and is outputted to each above-mentioned phase shift means and the above- 
mentioned gain control means, respectively The above-mentioned baseband signaling includes a 
sequence signal including two or more sample signals. It is inserted and prepared between the 
above-mentioned recovery means and the above-mentioned gain control means or between the 
above-mentioned gain control means, the above-mentioned control means, and the above- 
mentioned subtraction means. At least one sample signal in the period which it does not precess 
based on the baseband signaling inputted, It is characterized by having further a time-sharing 
processing means for two or more sample signals within the above-mentioned sequence signal in 
the period which it precessed to differ and to perform time-sharing processing so that it may be 
outputted as an output signal. 

[0010] In the control device of the above-mentioned array antenna, the above-mentioned gain 
control means is preferably characterized by being a transversal filter circuit. 
[0011] Moreover, the control unit of the array antenna concerning this invention two or more — 
two or more [ by which N antenna elements were received by each antenna element of the array 
antenna which it comes to juxtapose each other at the predetermined spacing ] — two or more 
[ to which the phase shift only of the predetermined amount of phase shifts is carried out, and it 
outputs N radio signals, respectively ] — with N phase shift means A synthetic means outputted 
from each above-mentioned phase shift means to compound two or more radio signals of N 
individual, and to output the radio signal after composition, A recovery means to restore to it and 
output the radio signal outputted from the above-mentioned synthetic means to baseband 
signaling, A gain control means to carry out gain control of the baseband signaling outputted 
from the above-mentioned recovery means, and to output it on predetermined gain, A sign 
distinction means to output the sign distinction value signal which distinguishes the sign of the 
baseband signaling outputted from the above-mentioned gain control means, and shows a sign 
distinction value, A subtraction means to generate and output the error signal between the sign 
distinction value signal outputted from the above-mentioned sign distinction means, and the 
baseband signaling outputted from the above-mentioned gain control means, The variation which 
only the predetermined shift amount was made to precess each amount of phase shifts of two or 
more above-mentioned phase shift means, respectively, calculated the variation before and 
behind the perturbation of the baseband signaling outputted from the above-mentioned gain 
control means to each amount of phase shifts, and was calculated, Based on the baseband 
signaling outputted from the above-mentioned recovery means, the baseband signaling outputted 
from the above-mentioned gain control means, and the error signal outputted from the above- 
mentioned subtraction means, so that the root mean square of the above-mentioned error signal 
may serve as min It has the control means which calculates each above-mentioned amount of 
phase shifts and the above-mentioned gain for turning the main beam of the above-mentioned 
array antenna in the predetermined direction, and is outputted to each above-mentioned phase 
shift means and the above-mentioned gain control means, respectively. The above-mentioned 
baseband signaling includes a sequence signal including two or more sample signals. It is inserted 
and prepared between the above-mentioned recovery means and the above-mentioned gain 
control means or between the above-mentioned gain control means, the above-mentioned 
control means, and the above-mentioned subtraction means. At least one sample signal in the 
period which it does not precess based on the baseband signaling inputted, It is characterized by 
having further a time-sharing processing means for two or more sample signals within the 
above-mentioned sequence signal in the period which it precessed to differ and to perform time- 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran^web^cgLeije 



2007/09/14 



JP,2002-076747,A [DETAILED DESCRIPTION] 



4/21 ^— v 



sharing processing so that it may be outputted as an output signal. 

[0012] Preferably, the control unit of the above-mentioned array antenna is inserted and formed 
in the latter part of the above-mentioned recovery means, carries out analog-to-digital 
conversion to the baseband signaling outputted from the above-mentioned recovery means, and 
is characterized by having further a conversion means to output the digital baseband signaling 
after conversion. 

[0013] Furthermore, the control approach of the array antenna concerning this invention two or 
more — two or more [ by which N antenna elements were received by each antenna element of 
the array antenna which it comes to juxtapose each other at the predetermined spacing ] — N 
radio signals using two or more phase shift means with the step to which the phase shift only of 
the predetermined amount of phase shifts is carried out, respectively The step by which the 
phase shift was carried out [ above-mentioned ] and which compounds two or more radio signals 
of N individual, and outputs the radio signal after composition, The step which restores to the 
radio signal after the above-mentioned composition to baseband signaling, and the step which 
carries out gain control of the baseband signaling by which the recovery was carried out 
[ above-mentioned ] on predetermined gain using a gain control means, The step which 
generates the error signal between the baseband signaling by which gain control was carried out 
[ above-mentioned 1 and the reference signal of a predetermined value, Only a predetermined 
shift amount is made to precess each amount of phase shifts of two or more above-mentioned 
phase shift means, respectively. Calculate the dip vector of the power of the above-mentioned 
error signal over each amount of phase shifts, and so that the error signal concerned may serve 
as min based on the dip vector and the above-mentioned error signal of power of an error signal 
which were calculated In the control approach of the array antenna containing the step which 
calculates each amount of phase shifts for turning the main beam of the above-mentioned array 
antenna in the predetermined direction, and the gain of the above-mentioned step which carries 
out gain control, and is outputted to each above-mentioned phase shift means and the above- 
mentioned gain control means, respectively The above-mentioned baseband signaling includes a 
sequence signal including two or more sample signals. It performs between the above-mentioned 
step which carries out a recovery, and the above-mentioned step which carries out gain control, 
or between the steps which generate the above-mentioned step which carries out gain control, 
the above-mentioned step which carries out count, and the above-mentioned error signal. At 
least one sample signal in the period which it does not precess based on the baseband signaling 
inputted, It is characterized by including further the step which performs time-sharing processing 
so that it may be outputted as an output signal with which two or more sample signals within the 
above-mentioned sequence signal in the period which it precessed differ. 
[0014] In the control approach of the above-mentioned array antenna, the above-mentioned 
step which carries out gain control is preferably characterized by performing using a transversal 
filter circuit. 

[0015] Furthermore, the control approach of the array antenna concerning this invention two or 
more — two or more [ by which N antenna elements were received by each antenna element of 
the array antenna which it comes to juxtapose each other at the predetermined spacing ] — N 
radio signals with the step to which the phase shift only of the predetermined amount of phase 
shifts is carried out using two or more phase shift means, respectively The step by which the 
phase shift was carried out [ above-mentioned ] and which compounds two or more radio signals 
of N individual, and outputs the radio signal after composition, The step which restores to the 
radio signal after the above-mentioned composition to baseband signaling, and the step which 
carries out gain control of the baseband signaling by which the recovery was carried out 
[ above-mentioned ] on predetermined gain using a gain control means, The step which outputs 
the sign distinction value signal which distinguishes the sign of the baseband signaling by which 
gain control was carried out [ above-mentioned ], and shows a sign distinction value, The step 
which generates the error signal between the above-mentioned sign distinction value signal and 
the baseband signaling by which gain control was carried out [ above-mentioned ], The variation 
which only the predetermined shift amount was made to precess each amount of phase shifts of 
two or more above-mentioned phase shift means, respectively, calculated the variation before 
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and behind the perturbation of the baseband signaling by which gain control was carried out 
[ above-mentioned ] to each amount of phase shifts, and was calculated, Based on the baseband 
signaling by which the recovery was carried out [ above-mentioned ], the baseband signaling by 
which gain control was carried out [ above-mentioned ], and the above-mentioned error signal, 
so that the root mean square of the above-mentioned error signal may serve as min It has the 
step which calculates each above-mentioned amount of phase shifts and the above-mentioned 
gain for turning the main beam of the above-mentioned array antenna in the predetermined 
direction, and is outputted to each above-mentioned phase shift means and the above- 
mentioned gain control means, respectively. The above-mentioned baseband signaling includes a 
sequence signal including two or more sample signals. It performs between the above-mentioned 
step which carries out a recovery, and the above-mentioned step which carries out gain control, 
or between the steps which generate the above-mentioned step which carries out gain control, 
the above-mentioned step which carries out count, and the above-mentioned error signal. At 
least one sample signal in the period which it does not precess based on the baseband signaling 
inputted, It is characterized by including further the step which performs time-sharing processing 
so that it may be outputted as an output signal with which two or more sample signals within the 
above-mentioned sequence signal in the period which it precessed differ. 

[0016] The control approach of the above-mentioned array antenna is preferably performed after 
the above-mentioned step which carries out a recovery, carries out analog-to-digital conversion 
to the baseband signaling by which the recovery was carried out [ above-mentioned ], and is 
characterized by including further the step which outputs the digital baseband signaling after 
conversion. 
[0017] 

[Embodiment of the Invention] Hereafter, the operation gestalt which starts this invention with 
reference to a drawing is explained. 

[0018] <Operation gestalt of** 1st> drawing 1 is the block diagram showing the configuration of 
the control device of the array antenna which is the 1st operation gestalt concerning this 
invention, and attaches the same sign about the same thing as drawing 10 . Moreover, drawing 2 
is the block diagram showing the detailed internal configuration of the time-sharing filter bank 
circuit 10 of drawing 1 , the beam control circuit 20, and the perturbation addition circuit 30. 
[0019] The control unit of the array antenna of this 1st operation gestalt The array antenna 100 
(for example, it is a linear array and may be arranged in a two-dimensional configuration or a 
three-dimension configuration.) with which it comes to arrange two or more the antenna 
elements 1-1 thru/or 1-N of N individual at the predetermined spacing mutually In the adaptive 
control mold control unit equipped with the beam control circuit 20 for controlling a beam using 
the M-CMA method One signal in the period which it does not precess between A/D converter 
9 and the beam control circuit 30 in the perturbation addition circuit 30 based on the baseband 
signaling inputted (at least one signal may be used.) It is characterized by having the time- 
sharing filter bank circuit 10 which performs time-sharing processing so that it may be outputted 
as an output signal with which two or more sample signals within the M sequence signal which is 
a training signal in the period which it precessed in the perturbation addition circuit 30 differ. 
That is, since the time-sharing filter bank circuit 10 which consisted of this operation gestalt 
with a poliphase expression as an approach of solving the above-mentioned problem in the beam 
control which used the M-CMA method is used and the perturbation term and the non- 
precessing term in this time of day are acquired in a strict form by this, exact beam Nur control 
is enabled. Here, the digital filter 13-0 in the time-sharing filter bank circuit 10 thru/or 13- (M~1) 
carry out the poliphase configuration of the root roll-off filter used as a band limit filter for 
example, by the digital phase modulation system. 

[0020] Hereafter, the configuration of the control unit of the array antenna shown in drawin g 1 is 
explained. In drawing 1 , the radio signal which the radio signal was received and was received by 
each antenna element 1-1 thru/or 1-N by the array antenna 100 by which it comes to arrange 
two or more the antenna elements 1-1 thru/or 1-N of N individual at the predetermined spacing 
mutually is inputted into a variable phase-shifter 3-1 thru/or 3-N through a low noise amplifier 
(LNA) 2-1 thru/or 2-N, respectively. Each variable phase-shifter 3-1 thru/or 3-N output the 
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radio signal inputted to the synthetic vessel 4, after carrying out the phase shift only of each 
amount of phase shifts corresponding to each phase shift control voltage vk and i (i= 1, 2, — , N) 
outputted from the perturbation addition circuit 30, respectively. The synthetic vessel 4 outputs 
only the down converter 5 which carries out power composition of the radio signal of N individual 
inputted, and carries out frequency conversion of the radio signal after composition to the 
intermediate frequency signal of a predetermined intermediate frequency, and the band 
component of an intermediate frequency signal to a demodulator 7 through the band-pass filter 
(BPF) 6 which carries out band wave filtration. A demodulator 7 restores to the radio signal 
inputted to baseband signaling using the recovery approach corresponding to the modulation 
approaches by the side of a transmitter (for example, QPSK, PSK, FSK, etc.), and outputs it to 
A/D converter 9 through the low pass filter (LPF) 8 which takes out only desired baseband 
signaling. A/D converter 9 is boiled and outputted to the beam control circuit 20 through the 
time-sharing filter bank circuit 10 while it carries out A/D conversion of the baseband signaling 
of an analog inputted to digital baseband signaling and outputs the baseband signaling signal uk 
after conversion to an external device. 

[0021] In addition, the microwave signal processor which becomes in well-known large-scale 
GaAsMMIC can constitute a variable phase-shifter 3-1 thru/or 3-N and the synthetic vessel 4, 
for example. Moreover, in this operation gestalt, baseband signaling sets the sampling rate of 
A/D converter 9 to fs=2Mfc for example, including an M sequence signal as a training signal. 
Here, M is the one or more natural numbers, and fc is a symbol clock frequency. 
[0022] The delay circuit 1 1-1 thru/or 1 1- (M-1) of an individual which is mutually connected to 
concatenation and has the time delay of 1/(2Mfc), respectively as the time-sharing filter bank 
circuit 10 is shown in drawing 2 (M-1), M down samplers 12-0 thru/or 12- (M-1) which has a 
twice as many down sampling rate as this, respectively (M/2), M digital filters 13-0 thru/or 13- 
(M-1) which has the transfer function which carries out the detail after-mentioned, respectively, 
for example, consists of FIR filters, It has M down samplers 14-0 thru/or 14- (M-1) which has a 
twice as many down sampling rate as this, respectively (1/4), and is constituted. In the time- 
sharing filter bank circuit 10 the baseband signaling uk from A/D converter 9 While being 
outputted to the beam control circuit 20 through down sampler 12- (M-1), digital filter 13- (M- 
1), and down sampler 14- (M-1) as baseband signaling psik by which time-sharing processing was 
carried out, and M-1 It is outputted to the down sampler 12-0 through delay circuit 1 1- (M-1) of 
the individual (M-1) by which cascade connection was carried out mutually thru/or 11-1. Here, 
the baseband signaling uk outputted from delay circuit 11- (M-1) is outputted to the beam 
control circuit 20 through down sampler 12- (M-2), digital filter 13- (M-2), and down sampler 14- 
(M-2) as baseband signaling psik by which time-sharing processing was carried out, and M-2. 
baseband signaling psi by which time-sharing processing of the baseband signaling uk outputted 
from delay circuit 11-m was hereafter carried out similarly through down sampler 12-m, digital 
filter 13-m, and down sampler 14-m — it outputs to the beam control circuit 20 as k and m — 
having — here — m=M- it is 3, — , 0. 

[0023] Drawing 3 is the block diagram showing the example of the time-sharing filter bank circuit 
10 of drawin g 2 of operation, and shows the case of N=M -1 as an example with this operation 
gestalt. 

[0024] With this operation gestalt, as shown in drawin g 3 , divide the time amount T of one 
symbol into two, and it sets to time amount T / 2. M sample signals (this corresponds an M 
sequence signal.) The sample signal of the 1 st non-precessing term in the period to include and 
which does not precess M sample signals in the perturbation addition circuit 30 (deltav=0), The 
sample signal (perturbation addition electrical-potential-difference deltav was added) of the 
perturbation term of two or moreN (= M-1) individual within the M sequence signal which is a 
training signal in the period which it precessed in the perturbation addition circuit 30 is included. 
And the time-sharing filter bank circuit 10 performs time-sharing processing so that it may be 
outputted as an output signal with which the sample signal (deltav=0) of the 1st non-precessing 
term differs from the sample signal (perturbation addition electrical-potential-difference deltav 
was added) of M-1 perturbation term among M sample signals. 
[0025] <A To HREF='7Tokujitu/tjitemdrw.ipdl?N0000=239&N0500=1 E_N/;>;? 
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898;8///&N0001=15&N0552=9&N 0553= 000020" TARGET=''tjitemdrw''> drawing 2 Baseband 
signaling psik after the time-sharing processing which sets and is outputted from the time- 
sharing filter bank circuit 10, and 0 While being directly outputted to the beam control section 21, 
it is inputted into the beam control section 21 and a subtracter 24 through the adjustable 
amplifier 22-0 which has the control gain gk specified by the beam control section 21. moreover, 
baseband signaling [ after the time-sharing processing outputted from the time-sharing filter 
bank circuit 10 ] psi — k and m are inputted into the beam control section 21 through adjustable 
amplifier 22-m which has the control gain gk specified by the beam control section 21 — having 
— here — m= — it is 1, 2, — , M-1. Here, control gain can take a forward or negative value. On 
the other hand, the reference signal generator 23 generates the reference signal sigma which 
has predetermined constant value, and outputs it to a subtractor 24. A subtractor 24 subtracts 
the baseband signaling yk after gain magnification, and 0 from a reference signal sigma, and 
outputs the error (or deflection) signal ek to the beam control section 21. Based on the error 
signal ek inputted, M baseband signaling yk by which gain control was carried out, respectively, 0 
or yk, M-1, and baseband signaling psik before gain control and 0, the beam control section 21 so 
that the detail after-mentioned may be carried out Control the switching controller 32 of the 
perturbation addition circuit 30, and only a predetermined shift amount is made to precess each 
variable phase-shifter 3-1 thru/or each phase shift control voltage vk and 1(1=1, 2, — , N) of 3- 
N using the M-CMA method. Make only a predetermined response shift amount precess each 
amount of phase shifts which corresponds by this, and the dip vector of the power of the error 
signal ek outputted from the subtracter 22 to each amount of phase shifts is calculated. Power 
of the baseband signaling yk outputted from A/D converter 9 based on the dip vector of the 
power of the calculated error signal ek is made into max. So that the error signal ek concerned 
may serve as min based on the error signal ek outputted from a subtractor 22 The amplification 
degree gk of each phase shift control voltage vk and i corresponding to each amount of phase 
shifts for turning the main beam of an array antenna 100 in the predetermined direction and the 
adjustable amplifier 21 is calculated. While outputting each calculated phase shift control voltage 
vk and i to each variable phase-shifter 3-1 thru/or 3-N through the perturbation addition circuit 
30, the calculated amplification degree gk is outputted to the adjustable amplifier 21. 
[0026] The perturbation addition circuit 30 is equipped with the perturbation addition voltage 
generator 31 which generates perturbation addition electrical-potential-difference deltav, the 
switch 34-1 of N individual thru/or 34-N, and the adder 33-1 thru/or 33-N of N individual, and is 
constituted. Here, perturbation addition electrical-potential-difference deltav generated by the 
perturbation addition voltage generator 31 is inputted into each contact b of a switch 34-1 
thru/or 34-N, and each contact a of a switch 34-1 thru/or 34-N is grounded, respectively. 
Although a switch of these switches 34-1 thru/or 34-N is controlled by the switch controller 32 
which operates by control of the beam control section 21 and each switch 34-1 thru/or 34-N 
are usually connected to Contact a side here The switching controller 32 for example, when 
having received the training signal it is shown in drawing 3 — as — time amount T / 2 of the one 
half of one symbol — setting — the sample signal (deltav=0) of the 1st non-precessing term in 
the sample signal of +one M=N of an M sequence signal — then So that the sequential output of 
the sample signal (perturbation addition electrical-potential-difference deltav was added) of the 
perturbation term of two or moreN (= M-1) individual corresponding to each phase shifter 3-1 
thru/or 3-N may be carried out By switching only the switch 34-1 of N individual thru/or one 
switch in 34-N to Contact b side one by one, it adds and adds by one of an adder 33-1 thru/or 
33-N to the phase shift control voltage vk and n (n= 1 , 2, — , N) outputted from the beam control 
section 21. The phase shift control voltage outputted from the perturbation addition circuit 30 is 
outputted to a phase shifter 3-1 thru/or 3-N, respectively as phase shift control voltage vk and 
n(n=1,2, — , N). 

[0027] In addition, although it differs in the phase shift control voltage vk and n outputted from 
the beam control circuit 20, and the phase shift control voltage vk and n outputted from the 
perturbation addition circuit 30 when having received the training signal, and adding perturbation 
addition electrical-potential-difference deltav, the same notation is attached on [ of 
explanation ] expedient. 
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[0028] Subsequently, the principle and technical problem of the M-CMA method used with this 
operation gestalt are explained. In drawing 1 which shows the configuration of the adaptive array 
which united beam shape ** and digital signal processing by microwave signal processing, after 
weighting of the input signal received by the antenna element 1-1 thru/or 1HM of an array 
antenna 100 arranged at intervals of d in space is carried out through LNA 2-1 thru/or 2-N by 
the variable phase-shifter 3-1 thru/or 3-N which consists of MMIC(s) etc., it is added with the 
synthetic vessel 4, and it turns into an output signal of a beam formation machine, if the signal 
received with the i-th feed component in time of day k is set to uk and i — the output signal sk 
of a beam formation machine — an equivalence low-pass model (for example, refer to the 
conventional technical reference 2 ""the present-day communication line theory" besides S . 
Stein, Morikita Shuppan, and 1970".) — using — a degree type — it is expressed like. 
[0029] 
[Equation 1] 
s k 

N 

[0030] In one above, vk and i are control voltage impressed to variable-phase-shifter 3-i 
connected to i-th antenna element 1-i, theta (-) is a phase shift characteristic function to the 
control voltage of variable-phase-shifter 3-i, N shows the number of antenna elements and j 
shows the imaginary unit. The output signal of this beam formation machine is changed into a 
baseband band by the down converter 5, and A/D conversion is carried out with A/D converter 
9. Although the output signals sk of signal sk' by which frequency conversion was carried out, 
and a beam formation machine completely differ here, supposing frequency conversion and 
filtering are performed ideally, the difference among both is only the existence of exp (j2pft). 
However, f is carrier frequency, i expresses an imaginary unit and t expresses time of day. With 
this operation gestalt, in order to verify the upper bound of the property on the theory of a beam 
formation machine, the imperfection of RF band etc. is not taken into consideration. In this case, 
since the existence of exp 02pft) is not an essential problem, it explains with this operation 
gestalt by identifying the output signal sk of signal sk' by which frequency conversion was 
carried out, and a beam formation machine in the same category. 

[0031] The input signal by which A/D conversion was carried out is amplified by the adjustable 
amplifier 22-0 thru/or 22- (M-1) which is the AGC amplifier of a baseband band. The signal yk 
after magnification and the error with the request level sigma are defined like a degree type as 
an error signal ek. 
[0032] 

[Equation 2] Ek=sigma p-gkp|sk|p=sigma p-|yk|p, however [Equation 3] yk=gksk [0033] Here, gk is 
the gain of the adjustable amplifier 22-0 in time of day k thru/or 22- (M-1). Moreover, |-| in two 
above means taking the absolute value of complex. On the other hand, it is a multiplier in the M- 
CMA method, and p takes the one or more natural numbers, and is p= 2 with this operation 
gestalt. The gain gk of this adjustable amplifier is optimized by the following valuation basis. 
[0034] 

[Equation 4] J=E[|ek|q] ->min [0035] In four above, J is a cost function, E [-] is a function which 
takes an ensemble average, and q means the multiplier of the M-CMA method with p. Therefore, 
several 4 expresses the valuation basis which minimizes the cost function J. If this solution is 
calculated based on the well-known principle of SGD (Stochastic Gradient Decent), an optimum 
value will be calculated by repeating the following formulas about the gain gk of adjustable 
amplifier. 
[0036] 
[Equation 5] 
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[0037] m with five above is a multiplier called a step size parameter. Furthermore, if optimization 
is attained to the control voltage of a beam formation machine with one above based on a 
valuation basis with four above, an optimum value can be found by repeating a degree type from 
the principle of SGD. 
[0038] 
[Equation 6] 

dJ 

- "Ic-U +f\Hi q ~ 2 eic\yk\"~ 1 A ( I y t I 

[0039] Here, deltai|-| expresses the fine multiplier to the control voltage of variable-phase- 
shifter 3-i connected to i-th antenna element H, and asks for it in approximation as follows. 
[0040] 
[Equation 7] 

A,- 1 yk I 

= gk A i\ s k( v k,\ v fe2 ... v KN )\ 

= 8h{\ s k(yk 9 l - V k t i+ Av - v k,l)\-\ s k(vk 9 i - *kj »• V K\)\} 

[0041] By using six above, it can oppress to the amplitude deflection defined by several 2 not 
only like the gain gk of adjustable amplifier but like the usual CMA method. However, in quest of 
the optimum value of control voltage, the "perturbation term" and "a non-precessing term" of 
this time of day are needed from six above and several 7. While this applies a perturbation, as 
compared with a symbol rate, A/D conversion of it is carried out to a high speed, and it can be 
solved by using a ******** signal. That is, since it could consider that it was almost the same 
since the adjacent signal had high signal correlation, and the one of the two has received the 
perturbation, the above-mentioned requirements can be satisfied. However, in order to raise 
precision, it is necessary to carry out a sample considerably at high speed, and implementation 
of hardware will become difficult if it takes into consideration that a bit rate will accelerate from 
now on. So, with this operation gestalt, this sampling rate could be reduced, in order to acquire 
highly precise "non-precessing term" and a "perturbation term", the time-sharing filter bank 
circuit 10 is used, and subsequently this is explained in full detail. 

[0042] Although frequency conversion of the output signal of the beam formation machine shown 
by one above is carried out with a down converter 5 and it is changed into a digital signal by A/D 
converter 9, the sampling rate at that time is performed by M times of an information rate, a 
digital filter removes an undesired signal, and the system which acquires a recovery signal by 
performing decimation is used. When it constitutes this digital filter from an FIR (Finite Impulse 
Response) filter, generally the poliphase expression of that transfer function T (z-1/M) can be 
carried out as follows. 
[0043] 
[Equation 8] 
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[0044] However, M~1 is Tl (z-1), l= 0, — , a filter bank that constitutes each poliphase filter, and 
is defined like a degree type. 
[0045] 
[Equation 9] 

r K z-Vz- ,,M |V +J/Mz -,- 

[0046] With [ the working speed of each filter in a bank ] a Nyquist rate [ more than 1 the input 
signal of each filter is not concerned with a sampling rate, but holds fixed spectrum information. 
At this time, if there is no noise, the same signal will be outputted from all filter banks. However, 
it is necessary to satisfy the following conditions. 
[0047] 

[Equation 10] 

Tl(z-1) =Tm(z-l);l, m= 0, — , M~1 [0048] Here, it is shown that the same signal is acquired by the 
filter bank concerned. When an input signal is made into uk- (i+l/M), the output signal of the 
poliphase filter defined by ten above is expressed like a degree type. 
[0049] 

[Equation 1 1] 

L-l 

i=-L 

[0050] When DFT (Digital Furrier Transform) of this signal is carried out, it is expressed like a 

degree type. 

[0051] 

[Equation 12] 

N-lL-l kn 
= Z 2 ^>Z/M w ^K2+//M) ex P(~i 2?r T7) 
i—0izz-L iV 

L-\ (i + l/M)n N ~ l , ^ f£-(/ + i/M))w x 

= ILh+UM^t-frx- — 7T- — )S "Jt-Ci+Z/^MPC-J 2 ^ ^ ) 

i=-L N k=0 N 

[0052] However, F (-) expresses the signal after DFT of - That is, a signal with the same 
frequency spectrum is acquired from all poliphase filters. Therefore, if IDFT (Inverse DFT) of this 
output is carried out, there will also be no misgiving and the same time series will be acquired. 
[0053] Subsequently, in order to carry out matrix representation of the transfer function of the 
filter bank of a poliphase expression, delay matrix F (I) which a degree type defines is introduced. 

[0054] 
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[Equation 13] phi(l) **diag [z-l z-M/M — zH-(M-1)/M] 

l=-L, — , L-1 [0055] Here, ** means what "is defined" and diag (-) means the diagonal matrix 
which uses the vector in a parenthesis as a diagonal element. By using this delay matrix, the 
transfer function of a filter bank can carry out vectorial representation like a degree type. 
[0056] 

[Equation 14] 

phi — ** — [ — T — zero — ( — z — ) T — one — ( — z — ) TM - one — ( — z 

~ ) — ] — T — = — [— phi (-L) phi (-L+1) phi (L-1) — ] — H — [ — 0057 — ] 

However, H=[h-L and h-L+1/M, — , hL+(M-1)/M] T expresses the impulse response of the filter 
before being poliphase-ized. On the other hand, in the beam formation machine expressed with 
several 1, when applying the sequential perturbation from the 1st antenna element 1-1, the 
output signal can carry out a formula expression as follows. 
[0058] 

[Equation 15] 

s k 

T 



w 



k,2 



u. 



k,2 



Utjr 



[0059] Uk, i and Wk in 15 above, and i are the weighting-factor matrices over the i-th output 
signal and output signal of antenna element H, respectively, and are expressed like a degree 
type. 
[0060] 

[Equation 16] Wk, j=diag [exp(-jtheta (vk, 0) exp(-jtheta (vk+1/M, i)) — exp (-jtheta (vk+ (M-1) / 
M, i))] 

[Equation 17] Uk, i=diag (uk and i uk-1/M, i — uk- (M-1) / [M, i]) 

[0061] If the output signal of this beam formation machine is inputted into the time-sharing filter 
bank circuit 10 which is the poliphase filter bank expressed with 14 above, the input signal to the 
adjustable amplifier 22-0 thru/or 22- (M-1) will be acquired. That is, when the inverse z 
transform of the output signal is inputted and carried out to 14 above, the output-signal vector 
psik is expressed like a degree type using the matrix defined by 15 above. 
[0062] 

[Equation 18] 





Tr 











-L,l u k+L~U 
U k+L,2 u k+L-\,2 



Wk 9 N\ \Uk+L,N U k+L-\N — U k-{L-\\N 



H 



[0063] Here, it is [Equation 19] about vector thetak and i. It introduces with thetak and i**(Uk+L, 
i, — , [Uk, - (L-1), 0) H. if there is no effect of a noise and conditions with ten above are 
satisfied here — above — Vector theta — there where all the elements of k and i become the 
same (it is as having mentioned above using several 1 1 and several 12.) — the value — theta — 
if it sets with k and i — vector P= [1, — , 1] — using — Vector theta — k and i — [Equation 20] 
It is expressed thetak and i**theta k and iP. Then, 18 above is rewritten like a degree type. 
[0064] 

[Equation 21] 
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1=1 

= [- X& k jexp(-J0(yk + UM,i)) -f 

i=l 

[0065] 21 above is a weighting factor [several 22], after once changing the signal from each 
antenna element 1-1 thru/or 1-N into a baseband band and passing the digital filter of transfer 
function T (z). WkT=[exp (j-2 theta (vk, i), — exp (-j2theta (vk+l/M, 0), — ]) 

The signal equivalent to what came out of and carried out weighting means being outputted from 
the filter of eye l/M watch of the time-sharing filter bank circuit 10 which is a poliphase filter 
bank. Then, weighting factors Wk and i are operated like a degree type. However, it considers as 
M>=N +1 (with drawing 1 thru/or the operation gestalt of drawing 3 , it is considering as M=N 

+1.). 
[0066] 

[Equation 23] Here, it is h= 1, — , N and l= 0, — , M-1 at the time of vk+l/M, i=vk, and i+delta v;i!=l 
at the time of vk+l/M, i=vk, and i;i!=l. 

[0067] That is, in M continuous input signal sequences, a perturbation is not given to the first 
sample signal at all, but the perturbation is applied to the control voltage of the variable phase- 
shifter 3-1 connected to each component from the following sample thru/or 3-N one by one. 
Specifically by the l-th sample signal, a perturbation is given only to the l-th control voltage of 
variable-phase-shifter 3H. The 0th filter of the time-sharing filter bank circuit 10 which is a 
poliphase filter bank by this (in the time-sharing filter bank circuit 10 of drawing 2 ) Signal psik of 
a non-precessing term and 0 are outputted from a digital filter 13-0 and the down sampler 14-0, 
and it is the l-th filter (in the time-sharing filter bank circuit 1 0 of drawing 2 ). From digital filter 
13-1 and down sampler 14H, signal psik of a perturbation term to l-th antenna element 1-1 and I 
are outputted. Therefore, it turns out that the problem mentioned above is solvable by applying a 
poliphase filter. That is, the adaptive array adapting a poliphase filter of the M-CMA method can 
ask for the optimal multiplier based on the following successive renewal types of a multiplier. 
[0068] 

[Equation 24] yk, i=gkpsik, and i — here — i= — 0, 1, — , M-1 — [Equation 25] ek=sigma p-|yk 
and 0|p — [Equation 26] vk, i=vk -1, i+mu|ek|q-2 ek|yk, 0|p-1 (|yk, i|-|yk, 0|) 
here — i= 0, — , M-1 — [Equation 27] 

gk-1=gk-1+ mu|ek|q-2 ek|yk, 0|p-l|psik, 0| [0069] Generally, although an anti-aliasing filter is 
applied as a poliphase filter, since it has the analog low pass filter in front of A/D converter 9 in 
communication system, the anti-aliasing filter is unnecessary. So, the time-sharing filter bank 
circuit 10 consists of these operation gestalten by, for example, poliphaseHzing the root roll-off 
filter of a receiver in the nyquist filter system often used by the phase modulation system. 
[0070] In drawing 1 , it is inputted into the time-sharing filter bank circuit 10 which is a poliphase 
filter, after passing through the low pass filter 8 which is an area JINGU filter before the A/D 
conversion by A/D converter 9. It is necessary to operate the digital filter 1 3-0 thru/or 1 3- (M- 
1) which is each root roll-off filter in the poliphase filter bank which is the time-sharing filter 
bank circuit 10 of drawing 2 more than by the twice of a Nyquist rate so that area JINGU 
distortion may not be given to a signal. Therefore, to form a root roll OFUTO filter into M-phase f 
it is necessary to carry out the sample of A/D converter 9 more than by 2M time of a Nyquist 
rate (with this operation gestalt, the sampling rate is set to f=2Mfc as mentioned above.). And 
after carrying out time sharing by the delay circuit 11-1 thru/or 1 1- (M-1) by which cascade 
connection was carried out, Decimation is carried out to M/2 by the M/2 twice as many down 
sampler 12-0 as this thru/or 12- (M-1). After passing through a digital filter 13-0 thru/or 13- 
(M-1), the recovery signal of the M sequence which is parallel and consists of M sample signals 
by which time-sharing processing was carried out is acquired by increasing decimation 4 times 
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by the 4 times as many down sampler 14-0 as this thru/or 14- (M-1). In addition, preferably, the 
multiple of the down sampler 12-0 thru/or 12- (M-1) and the multiple of the down sampler 14-0 
thru/or 14- (M-1) are chosen so that those products may be set to 2M. 
[0071] In drawing 3 which shows the example of the time-sharing filter bank circuit 10 of 
operation, the exaggerated sample of the inside of 1 symbol is carried out by twice (N+1), i.e., the 
twice of the element number N+1 of an antenna, and it distributes to N+1 filter bank. Each filter 
bank calculates by the twice of a symbol rate. A perturbation is given to the variable phase- 
shifter 3-1 thru/or 3-N synchronously connected to each antenna element 1-1 thru/or 1-N one 
by one within 1 / 2 symbols on the other hand. However, a perturbation is surely reset every 1/2 
symbol, namely, the signal of a non-precessing term is generated. In addition, although all 
perturbations were performed within 1 symbol in drawing 3 , it is also possible to give the 
perturbation to the variable phase-shifter of one antenna element, whenever it receives the 
signal of one symbol, to perform one of this at a time, and to reduce operation speed by things. 
In this case, the perturbation of all components is ended only after receiving the symbol signal of 
N individual. However, if it takes into consideration that it is necessary to insert in 1/2 symbol 
the period which does not give a perturbation, a sampling rate can be reduced up to 4 times of a 
symbol rate. 

[0072] As explained above, according to this operation gestalt, the signal of two or more 
perturbation terms which the rate of the signal which should be processed is reduced and 
corresponds to each antenna element can be taken out to accuracy by using the time-sharing 
filter bank circuit 10 which is a poliphase filter bank. Therefore, the A/D converter which can 
perform a very high-speed sampling as compared with a bit rate is not needed, but since it 
becomes a low speed, timing adjustment of a sampling also becomes easy, so, circuitry — being 
easy — time accuracy — and control of the main beam and control of null are made to accuracy 
as a beam formation direction. 

[0073] <1st modification> drawing 4 is the block diagram showing the configuration of the time- 
sharing filter bank circuit 10 in the control device of the array antenna of the 1st modification 
concerning this invention which is the modification of the 1st operation gestalt, and beam control 
circuit 20a, and the same thing as drawing 1 and drawing 2 attaches the same sign. 
[0074] In the 1st operation gestalt, although it had M adjustable amplifiers 22-0 thru/or 22- (M- 
1) between the time-sharing filter bank circuit 10 and the beam control section 21, it is 
characterized by having replaced with this and inserting one adjustable amplifier 22 which has 
the control gain gk specified by the beam control section 21 between A/D converter 9 and the 
time-sharing filter bank circuit 10. Although the beam control section 21 needs the baseband 
signaling yk before gain control, and 0 (baseband signaling psik of drawing 2 , 0) in the beam 
control processing by the M-CMA method here, this is calculable by doing the division of 
baseband signaling psik outputted from the time-sharing filter bank circuit 10 of drawing 4 , and 
0 on the control gain gk. Moreover, for this, instead, as a dashed line shows drawing 4 , time- 
sharing separation may be carried out and the baseband signaling yk before gain control and 0 
(baseband signaling psik of drawing 2 , 0) may be taken out from the baseband signaling uk from 
A/D converter 9. 

[0075] According to the 1 st modification constituted as mentioned above, in addition to the 
operation effectiveness in the 1st operation gestalt, the number of the adjustable amplifier 22 
can be decreased substantially and this has the characteristic effectiveness that circuitry can 
be simplified more. 

[0076] <Operation gestalt of ** 2nd> drawing 5 is the block diagram showing the configuration of 
the time-sharing filter bank circuit 10 and 20t of beam control circuits in the control device of 
the array antenna which is the 2nd operation gestalt concerning this invention, is the block 
diagram showing the TRF circuit 61-1 of drawing 5 thru/or the detailed internal configuration of 
61- (M-1) (it names generically and a sign 61 is attached hereafter.), and attaches the same sign 
about the same thing as drawing 1 thru/or drawing 4 , and drawing 10 . The control unit of the 
array antenna of this 2nd operation gestalt The transversal filter circuit which replaces with 
drawing 1 concerning the 1st operation gestalt, and the beam control circuit 20 of drawing 2 , 
and has the TDL (Tapped Delay Line; delay line with tap) circuit 70 (it is hereafter called a TRF 
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circuit.) While having 61, it is characterized by having 21t of beam control circuits equipped with 
21 1 of beam control sections which perform beam control of an ecad using the signal-processing 
M-CMA method between space-time which carries out the detail after-mentioned. Other 
configurations are the same as that of the 1st operation gestalt, and omit detail explanation here. 

[0077] In drawing 5 , baseband signaling psik outputted through the time-sharing filter bank 
circuit 10 from A/D converter 9 and m (m= 0, 1 and 2, — , M-1) While being inputted into the 
adjustable amplifier 72-0 in 21 1 of beam control sections, and the TRF circuit 61, the delay 
circuit 71-1 of two or more (L-1) individuals thru/or 71- (L-1) are inputted into the delay circuit 

71- 1 of the 1st step of the TDL circuit 70 which comes to carry out cascade connection. 
Above-mentioned baseband signaling psik and m are outputted to 21 1 of beam control sections, 
and an adder 73 through the delay circuit 71-1 of two or more (L-1) stages thru/or 71- (L-1), 
and adjustable amplifier 72- (L-1) while they are outputted to an adder 73 through the adjustable 
amplifier 72-0. In the TDL circuit 70, each delay circuit 71-1 thru/or 71- (L-1) delay for it and 
output only the predetermined time delay tau for the signal inputted, respectively. Here, although 
a time delay tau is preferably set as one half of 1 symbol time amount, it may be set, for example 
as less than [ 1 symbol time amount or it ]. 

[0078] Delay signal bpk-1 of baseband signaling psik outputted from a delay circuit 71-1 and 
m=bpk is outputted to an adder 73 through the adjustable amplifier 72-1 while it is outputted to 
21 1 of beam control sections. Moreover, delay signal bpk-2 of the baseband signaling bpk 
outputted from a delay circuit 71-2 are outputted to an adder 73 through the adjustable amplifier 

72- 2 while they are outputted to 21 1 of beam control sections. Furthermore, delay signal bpk-3 
of the baseband signaling bpk outputted from a delay circuit 71-3 are outputted to an adder 73 
through the adjustable amplifier 72-3 while they are outputted to 21 1 of beam control sections. 
Still more nearly similarly, delay signal bpk~L of the baseband signaling bpk outputted from delay 
circuit 71- (L-2) is outputted to an adder 73 through adjustable amplifier 72- (L-2) while it is 
outputted to 21t of beam control sections. The adjustable amplifier (or gain control machine) 72- 
0 thru/or 72- (L-1) amplify and (or gain control) output the signal inputted by the amplification 
degree wO set up by 21 1 of beam control sections thru/or wL-1, respectively, and amplification 
degree ( or gain) takes the value of ****** here. And an adder 73 adds delay signal bpk-1 
thru/or bpk~L +1 of the baseband signaling bpk inputted and its two or more (L-1) individuals, 
and outputs the signal of an addition result to 21 1 of beam control sections as output signals yk 
and m (m= 0, 2 [ 1 and 2 ], — , M-1). In addition, an output signal yk and 0 are outputted also to a 
subtracter 24. Thus, by constituting, the TRF circuit 61 equipped with the TDL circuit 70, the 
adjustable amplifier 72-0 thru/or 72- (L-1), and an adder 73 is constituted. That is, each 
adjustable amplifier 22-0 thru/or 22- (M-1) in the 1st operation gestalt consists of the 2nd 
operation gestalt in the TRF circuit 61 of drawing 6 . 

[0079] On the other hand, the reference signal generator 23 generates the reference signal 
sigma which has predetermined constant value, and outputs it to a subtracter 24. A subtracter 
24 subtracts an output signal yk and 0 from a reference signal sigma, and outputs the error (or 
deflection) signal ek to 21 1 of beam control sections. The error signal ek into which 21 1 of beam 
control sections is inputted, and baseband signaling bkk, It is based on the delay signal bkk-1 
thru/or yk-L +1, and the TRF circuit 61-0 thru/or the baseband signaling yk and m (m= 0, 2 [ 1 
and 2 ], — , M-1) after passage of 61- (M-1). Only a predetermined shift amount is made to 
precess each variable phase-shifter 3-1 thru/or each phase shift control voltage vk and i (i= 1, 
2, — , N) of 3-N by controlling the perturbation addition circuit 30 using the signal-processing M- 
CMA method between space-time. Make only a predetermined response shift amount precess 
each amount of phase shifts which corresponds by this, and the dip vector of the power of the 
error signal ek outputted from the subtracter 24 to each amount of phase shifts is calculated. So 
that the error signal ek concerned may serve as min based on the error signal ek outputted from 
a subtracter 24 based on the dip vector of the power of the calculated error signal ek Each 
phase shift control voltage vk and i corresponding to each amount of phase shifts for turning the 
main beam of an array antenna 100 in the predetermined direction and each adjustable amplifier 
72-0 the amplification degree wO of 72- (L-1) thru/or wL-1 are calculated. It is outputted and 
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set as each variable phase-shifter 3-1 thru/or 3-N and each adjustable amplifier 72-0 thru/or 
72- (L-1), respectively. 

[0080] In the control device of the array antenna concerning the 2nd operation gestalt 
constituted as mentioned above, adaptation beam control of the 20t of the beam control circuits 
can be accurately carried out so that an error signal ek may serve as min, the main beam of an 
array antenna 1 00 may be turned in the direction of the wave of choice and null may be turned 
in the direction of an interference wave. Moreover, in-phase synthesis of the delay wave of the 
wave of choice produced in a multi-pass transmission line can be incorporated and carried out 
using the TRF circuit 61, and the signal-to-noise power ratio (S/N) in the wave of choice can be 
improved. Moreover, although a low noise amplifier 2-1 thru/or 2-N and a variable phase-shifter 
3-1 thru/or 3-N need N individual corresponding to the element number N of an antenna 
element 1-1 thru/or 1-N with the 2nd operation gestalt, the number of each circuitry elements 
is one sufficient in the circuit after the synthetic vessel 4. Therefore, as compared with the 
conventional example shown in drawing 10 , as compared with the conventional example, a 
hardware configuration is easy, and since there are few circuitry elements, there is little power 
consumption. 

[0081] Subsequently, adaptation beam processing in which it uses with the 2nd operation gestalt 
is explained below. In the configuration of the adaptive array antenna concerning the 2nd 
operation gestalt, baseband signaling yk=yk (vk, 1, — , vk, N) can be expressed like above several 
1 using a well-known equivalence low-pass model. This baseband signaling yk is inputted into the 
TRF circuit 61 which has the TDL circuit 70. In the TRF circuit 61, after weighting of the signal 
outputted from each tap of the TDL circuit 70 is carried out by the adjustable amplifier 72-0 
thru/or 72- (L-1) with the amplification degree wk (i) which is a tap multiplier, respectively, it is 
added with an adder 73 and outputs the output signals yk and m (= it sets with zk.) shown below. 

[0082] 

[Equation 28] 

z k ( v w ,...v k Ar ) = X wf(i) bp k - i(v kJ ,..-, v k Ar ) 
i = 0 

[0083] Here, in order to perform blind control of a beam and null, minimization of the amplitude 
deflection of the output signal zk of the TRF circuit 61 is attained like the well-known CMA 
method. That is, it is [Equation 29] when the error of an output signal yk, and a 0=zk and a 
reference signal sigma is defined like a degree type. It becomes a requirement to satisfy the 
formula below ek=sigma p-|zk(vk, 1, — , vk, N) |p. However, sigma is the level of a reference 
signal and shows desired amplitude level. 
[0084] 

[Equation 30] 
3e q " 



= 0 ( i = 1,..., N) 



[Equation 31] 



(i=0,..«, L-1) 



[0085] Here, p and q show the dimension of presumption of the CMA method, and in practice, 
the time of p=q=2 is called the CMA method and they are called Goddard's algorithm except it. 
By the CMA method, it cannot ask for several 30 partial differential by one above and several 28. 
Then, in this operation gestalt, make a variable phase-shifter 3-1 thru/or the control voltage vk 
of 3-N, 1, — , vk and N precess, each amount of phase shifts is made by this to precess like M- 
CMA concerning the 1st operation gestalt, and it asks. Moreover, it can ask for 31 above like the 
usual CMA method. Here, a multiplier update process is performed for an output signal zk as 
follows as zk=zk (vk (1), — , vk (N)). 
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[0086] The algorithm which looks for the solution with which 29 above is made into an error 
function and it is satisfied of 30 above and several 31 can be expressed like a degree type, if the 
principle of the well-known steepest descent method is applied. 
[0087] 

[Equation 32] 

v^-i-v lj »k-i+A^ 1 l ^P- 2 !^ 



[Equation 33] 

de k . q — li ip - 2 9 I gkj 

3w k ( l ) 5wu( i ) 



[0088] 32 above and several 33 are the formulas of the algorithm for satisfying 30 above and 
several 31, respectively. The partial-differential term in 32 above can be acquired using the 
approximation of a partial differential with 26 above. On the other hand, the partial-differential 
term in 31 above can be directly searched for by carrying out the partial differential of the both 
sides with 28 above. Therefore, 32 above and several 33 become a degree type, and perform 
convergence processing using the renewal type of a multiplier of a degree type. 
[0089] 

[Equation 34] vk, i=vk -1, i+mu vekq-1 |zk|p-2deltai|zk| (i= 1, — N), 
[Equation 35] wk(i) =wk-1(i)+muwekq-1 |zk|p-2 zk*yk (i= 0, — L~1), 

[0090] However, [Equation 36] It is deltai|zk|=deltai|zk(vk, 1, — , vk and i, — , vk, N) |=|zk(vk1, — , 
vk, i+deltav, — , vk, N) |-|zk(vk, 1 , — , vk and i, — , vk, N) |. 

[0091] In 46 above, deltav is a very small term for a perturbation, and 34 above, and muv and 
muw in several 35 are the step sizes of the tap multiplier which are the control voltage of a 
phase shifter 3-1 thru/or 3-N, and the amplification degree of the adjustable amplifier 72-0 
thru/or 72- (L-1), respectively. In order to carry out right convergence of the algorithm of the 
signal-processing M-CMA method between space-time concerning this operation gestalt, two 
kinds of this step size needs to satisfy the following conditions. 
[0092] 

[Equation 37] muw=muvdeltav — here, the unit of deltav is a radian. 
[0093] As explained above, according to this operation gestalt, the signal of two or more 
perturbation terms which the rate of the signal which should be processed is reduced and 
corresponds to each antenna element can be taken out to accuracy by using the time-sharing 
filter bank circuit 10 which is a poliphase filter bank. Therefore, the A/D converter which can 
perform a very high-speed sampling as compared with a bit rate is not needed, but since it 
becomes a low speed, timing adjustment of a sampling also becomes easy, so, circuitry — being 
easy — time accuracy — and control of the main beam and control of null are made to accuracy 
as a beam formation direction. 

[0094] <2nd modification> drawing 7 is the block diagram showing the time-sharing filter bank 
circuit 10 in the control device of the array antenna of the 2nd modification concerning this 
invention which is the modification of the 2nd operation gestalt, and the configuration of beam 
control circuit 20ta, and the same thing as drawing 5 and drawing 6 attaches the same sign. 
[0095] In the 2nd operation gestalt, although it had M TRF circuits 61-0 thru/or 61- (M-1) 
between the time-sharing filter bank circuit 10 and 21 1 of beam control sections, it is 
characterized by having replaced with this and inserting one TRF circuit 61 which has the 
weighting factor specified by 21 1 of beam control sections between A/D converter 9 and the 
time-sharing filter bank circuit 10. Although 21 1 of beam control sections needs the baseband 
signaling yk before gain control, and 0 (baseband signaling psik of drawing 5 , 0) here in the beam 
control processing by the signal-processing M-CMA method between space-time, this is 
calculable by doing the division of baseband signaling psik outputted from the time-sharing filter 
bank circuit 10 of drawing 7 , and 0 by the weighting multiplier. Moreover, for this, instead, as a 
dashed line shows drawing 7 , time-sharing separation may be carried out and the baseband 
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signaling yk before gain control and 0 (baseband signaling psik of drawing 7 , 0) may be taken out 
from the baseband signaling uk from A/D converter 9. 

[0096] According to the 2nd modification constituted as mentioned above, in addition to the 
operation effectiveness in the 2nd operation gestalt, the number of the TRF circuit 61 can be 
decreased substantially and this has the characteristic effectiveness that circuitry can be 
simplified more. 

[0097] <Operation gestalt of ** 3rd> drawing 8 is the block diagram showing the configuration of 
the time-sharing filter bank circuit 10 and 20m of beam control circuits in the control device of 
the array antenna which is the 3rd operation gestalt concerning this invention, and attaches the 
same sign about the same thing as drawing 1 thru/or drawing 7 , and drawing 10 . The control 
device of the array antenna of this operation gestalt is characterized by having 20m of beam 
control circuits which have 21m of beam control sections. 

[0098] 20m of beam control circuits is based on baseband signaling psik which is an output signal 
from A/D converter 9, and m (m= 0, 1 and 2, — , M-1) through a demodulator 7 and the time- 
sharing filter bank circuit 10. The minimum an average of 2 multiplication which carries out the 
detail after-mentioned and which deformed (it is hereafter called the M-LMS method.) Use and 
only a predetermined shift amount is made to precess each amount of phase shifts of a variable 
phase-shifter 3-1 thru/or 3-N by controlling the perturbation addition circuit 30, respectively. 
The variation delta yk and m which calculated the variation delta yk and m before and behind the 
perturbation of the baseband signaling yk and m outputted from the adjustable amplifier 82-0 
thru/or 82- (M-1) to each amount of phase shifts, and was calculated, Baseband signaling psik 
outputted through the time-sharing filter bank circuit 10 from A/D converter 9, and 0, The 
baseband signaling yk and m outputted from the adjustable amplifier 82, baseband signaling psik 
and the baseband signaling yk by which gain control was carried out with the adjustable amplifier 
82 in 0, 0 and the sign distinction value dk (it is the output of the sign distinction machine 83.) of 
that Based on the error signal ek of a between, so that the root mean square of the error signal 
ek concerned may serve as min It is characterized by calculating each above-mentioned amount 
of phase shifts and the above-mentioned gain gk for turning the main beam of the above- 
mentioned array antenna in the predetermined direction, and outputting to each variable phase- 
shifter 3-1 thru/or 3-N and the adjustable amplifier 82-0 thru/or 82- (M-1), respectively. 
[0099] 20m of beam control circuits is equipped with 21m of beam control sections, the 
adjustable amplifier 82-0 thru/or 82- (M-1), the sign distinction machine 83, and a subtracter 84, 
and they are constituted, baseband signaling psi into which each adjustable amplifier 82-0 
thru/or 82- (M-1) are inputted here — the baseband signaling yk and m by which amplified k and 
m on the control gain gk shown by the beam control section 81, and gain control was carried out 
— 21m of beam control sections — outputting — moreover — among those, baseband signaling 
yk and 0 are outputted to the sign distinction machine 83, a subtractor 84, and 21m of beam 
control sections. Subsequently, the sign distinction machine 83 calculates the sign distinction 
value dk of the baseband signaling yk inputted, and outputs it to a subtractor 84 so that it may 
mention later. Furthermore, a subtractor 84 subtracts baseband signaling yk and 0 from the sign 
distinction value dk, and outputs the error signal ek of a subtraction result to the beam control 
section 81. And the beam control section 81 calculates the adjustable control voltage vk and i (i= 
1, 2, — , N), and outputs it to a variable phase-shifter 3-1 thru/or 3-N, respectively while it 
calculates the control gain gk using the M-LMS method based on an error signal ek in baseband 
signaling psik inputted, 0 and yk and m, and a list and outputs it to the adjustable amplifier 82. 
[0100] In the predetermined training period before performing data transmission in this beam 
control circuit 80 only based on baseband signaling psik after A/D conversion, using the M-LMS 
method By making only a predetermined shift amount precess each variable phase-shifter 3-1 
thru/or each phase shift control voltage vk and i to 3-N by controlling the perturbation addition 
circuit 30 The variation delta yk and m which calculated the variation delta yk and m before and 
behind the perturbation of the baseband signaling yk and m outputted from the adjustable 
amplifier 82 to each amount of phase shifts, and was calculated, Baseband signaling psik 
outputted through the time-sharing filter bank circuit 10 from A/D converter 9, and 0, The 
baseband signaling yk and m outputted from the adjustable amplifier 82-0 thru/or 82- (M-1), 
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baseband signaling yk, 0 sign distinction values dk (it is the output of the sign distinction machine 
83.) Based on baseband signaling yk and the error signal ek between 0, so that the root mean 
square of the error signal ek concerned may serve as min Each above-mentioned amount of 
phase shifts and the above-mentioned gain for turning the main beam of the above-mentioned 
array antenna in the predetermined direction are calculated, and it outputs to each variable 
phase-shifter 3-1 thru/or 3-N and the adjustable amplifier 82-0 thru/or 82- (M-1), respectively. 

[0101] In the control device of the array antenna constituted as mentioned above, 20m of beam 
control circuits forms the main beam of an array antenna 100 in the predetermined direction 
accommodative so that the root mean square of the error signal ek generated with the 
subtractor 84 of 20m of beam control circuits may serve as min. Although a low noise amplifier 
2-1 thru/or 2-N and a variable phase-shifter 3-1 thru/or 3~N need N individual corresponding to 
the element number N of an antenna element 1-1 thru/or 1-N in the control unit of the 
constituted array antenna, the number of each circuitry elements is one sufficient in the circuit 
after the synthetic vessel 4. Therefore, as compared with the conventional example shown in 
drawing 10 , a hardware configuration is easy, and since there are few circuitry elements, there is 
little power consumption. 

[0102] Subsequently, the control algorithm in 20m of beam control circuits is explained. First, the 
baseband signaling yk and m which is outputted from the adjustable amplifier 82-0 thru/or 82- 
(M-1) and by which gain control was carried out is expressed with a degree type. 
[0103] 

[Equation 38] yk, m-gkpsik, m [0104] Here, psik and m are the baseband signaling which was 
outputted through the time-sharing filter bank circuit 10 from A/D converter 9, and was 
expressed with complex, gk is the gain of the adjustable amplifier 82-0 thru/or 82- (M-1) 
expressed with the real number, and yk and m show each output signal of the adjustable amplifier 
82-0 thru/or 82- (M-1) expressed with complex. At this time, an error signal ek is defined like a 
degree type. 
[0105] 

[Equation 39] ek=dk-yk, 0 [0106] Here, dk is an output signal which shows the sign distinction 

value from the sign distinction machine 83, and is calculated like a degree type. 

[0107] 

[Equation 40] dk=sgn[Re(yk)]+j-sgn [Im (yk)] 

[0108] Here, Re [-] is a function which shows the real number of an argument, and Im [-] is a 
function which shows the imaginary of an argument. Moreover, sgn [x] is a sign discriminant 
function and is defined as follows. 
[0109] 

[Equation 41] sgn[x] 

= At the time of 1; x>=0 = it is [01 10] at the time of -1; x<0. At this time, the gain of each 

adjustable amplifier 82-0 thru/or 82- (M-1) is updated like a degree type. 

[0111] 

[Equation 42] gk=gk-1+muRe [psik, Oek*] 

[01 12] Here, mu is called a step size parameter and is the suitable constant of 0< mu<1. 
Moreover, * shows a complex conjugate. On the other hand, the control voltage of variable- 
phase machine 3H is updated like a degree type. 
[0113] 

[Equation 43] vk, i=vk -1, i+mu Re (ek*delta yk and i) 

[01 14] At this time, Variation delta yk and i is calculated like a degree type. 
[0115] 

[Equation 44] deltayk, i=yk, 0 (1 vk- 1, 1, — , vk- 1, i+deltav, — , vk- N) 

- yk, 0 (1 vk- 1, 1, — , vk- 1, i, — , vk- N) 

[01 1 6] phase shift control voltage vk- of the time of day k-1 in case the 2nd term of the several 
44 right-hand side does not add a perturbation electrical potential difference — 1,1, — , vk-1, i, 

— and the baseband signaling yk with which gain control of [ when impressing vk-1 and N to 
each variable phase-shifter 3-1 thru/or 3-N ] was carried out are shown, moreover, the 1 st 
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term of the several 44 right-hand side — phase shift control voltage vk- of time of day k-1 — 1, 
1, — , v<SUB>k -1, i f — , vk-1, and N — in addition, the baseband signaling yk with which gain 
control of [ when applying perturbation electrical-potential-difference deltav to an excess ] was 
carried out only to variable-phase-shifter 3-i corresponding to i-th antenna element H, and 0 
are shown. And delta yk(s) and i which are expressed with several 44 are the variation yk of 
these two signals, i.e., the baseband signaling before and behind perturbation, and the variation of 
0. 

[0117] Therefore, based on the baseband signaling yk before and behind the calculated 
perturbation, the variation delta yk and i of 0, and an error signal ek, the phase shift control 
voltage vk and i is calculated and set up so that clearly from several 43. And the adjustable 
amplifier 82-0 thru/or the gain gk of 82- (M-1) are determined and set up so that from several 
42, and the root mean square of an error signal ek may serve as min. Thus, by carrying out beam 
control, by using the pilot signal used by the preamble especially used by TDMA etc., CDMA, etc. 
as a request signal, the main beam of the array antenna concerned can be turned in the 
predetermined direction, and a subcarrier pair interference wave power ratio (CIR) turns a beam 
in the direction of a request wave, also when level is lower than an interference wave, and minus, 
i.e., a request signal, can form null in the direction of an interference wave. 

[0118] In this operation gestalt, digital signal processing performs amplitude control to the output 
baseband signaling yk and m which minded the time-sharing filter bank circuit 10 from A/D 
converter 9, and by variable-phase-shifter control of a microwave band (RF band), since a 
phase-shifter input signal cannot be observed, the amount of updating of a multiplier is 
calculated by the perturbation. Moreover, by amplitude control, since the output baseband 
signaling yk and m is acquired as a digital signal, an amplitude presumption algorithm is obtained 
in several 42 format. Moreover, since the invented algorithm uses the same norm as the well- 
known LMS method of minimization of the mean square of an error signal ek, it is calling the 
invented algorithm the "M-LMS method." 

[0119] the adaptive array realized in the DBF circuit since beam control was carried out using 
the M-LMS method according to this operation gestalt as explained above — the same — a 
beam and null — it can control and is — in addition, since RF band can perform beam shape **, 
there is an advantage that the cutback of circuit magnitude or cost is attained as compared with 
the conventional example. Therefore, a configuration is easy and there is little power 
consumption. Moreover, by using the pilot signal used by the preamble used by TDMA etc., 
CDMA, etc. as a request signal, a subcarrier pair interference wave power ratio (CIR) turns a 
beam in the direction of a request wave, also when level is lower than an interference wave, and 
minus, i.e., a request signal, can form null in the direction of an interference wave. Therefore, 
even if it is an inferior environment, adaptation actuation can be carried out to stability. 
[0120] Moreover, according to this operation gestalt, the signal of two or more perturbation 
terms which the rate of the signal which should be processed is reduced and corresponds to 
each antenna element can be taken out to accuracy by using the time-sharing filter bank circuit 
10 which is a poliphase filter bank. Therefore, the A/D converter which can perform a very high- 
speed sampling as compared with a bit rate is not needed, but since it becomes a low speed, 
timing adjustment of a sampling also becomes easy, so, circuitry — being easy — time accuracy 
— and control of the main beam and control of null are made to accuracy as a beam formation 
direction. 

[0121] <3rd modification> drawing 9 is the block diagram showing the time-sharing filter bank 
circuit 10 in the control device of the array antenna of the 3rd modification concerning this 
invention which is the modification of the 3rd operation gestalt, and the configuration of beam 
control circuit 20ma, and the same thing as drawing 8 attaches the same sign. 
[0122] In the 3rd operation gestalt, although it had the adjustable amplifier 82-0 thru/or 82- (M- 
1) between the time-sharing filter bank circuit 10 and 21m of beam control sections, it is 
characterized by having replaced with this and inserting one adjustable amplifier 82 which has 
the weighting factor specified by 21m of beam control sections between A/D converter 9 and 
the time-sharing filter bank circuit 10. Although 21m of beam control sections needs the 
baseband signaling yk before gain control, and 0 (baseband signaling psik of drawing 8 , 0) in the 
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beam control processing by the M-LMS method here, this is calculable by doing the division of 
baseband signaling psik outputted from the time-sharing filter bank circuit 10 of drawing 9 , and 
0 on the control gain gk. Moreover, for this, instead, as a dashed line shows drawing 9 , time- 
sharing separation may be carried out and the baseband signaling yk before gain control and 0 
(baseband signaling psik of drawing 9 , 0) may be taken out from the baseband signaling uk from 
A/D converter 9. 

[0123] According to the 3rd modification constituted as mentioned above, in addition to the 
operation effectiveness in the 3rd operation gestalt, the number of the adjustable amplifier 82 
can be decreased substantially and this has the characteristic effectiveness that circuitry can 
be simplified more. 

[0124] In the operation gestalt more than modification > besides <, although digital signal 
processing is performed in the subsequent circuit after carrying out A/D conversion of the 
baseband signaling using A/D converter 9, A/D converter 9 may not be inserted but signal 
processing may be analogically performed in a subsequent circuit. 

[0125] In the above operation gestalt, although the perturbation addition circuit 30 consists of 
circuits where each beam control circuits 20, 20a, and 20t, 20ta ? 20m f and 20ma are another, it 
may unify and constitute the function of the perturbation addition circuit 30 from software or 
hardware circuitry in each beam control circuits 20, 20a, and 20t, 20ta f 20m, and 20ma. 
[0126] 

[Example] Furthermore, since this invention persons experimented in the interference oppression 
property of the adaptive array adapting a poliphase filter of the M-CMA method concerning the 
1st operation gestalt by computer simulation, they explain the experiment approach and 
experimental result in full detail below. 

[0127] It was premised on the transmitter-receiver configuration which applied differentially 
coherent detection to the wave detector, using a QPSK modulation technique as a modulation 
technique. Moreover, the transmission line applied the AWGN (Additive White Gaussian Noise) 
channel. An antenna is a linear array antenna of half-wave length spacing, and the element 
number was set to 4. moreover — if the direction of a transverse plane of a linear array antenna 
is made into 0 times — the wave of choice — the direction of -50 degrees to an interference 
wave — from the direction of 30 degrees — etc. — the environment which carries out incidence 
on level was assumed. Moreover, the multiplier of the M-CMA method was set as p=q=1, and it 
considered as the step size mu= 0.0001. The exaggerated sample carried out by 4 times the 
symbol rate for reduction of processing speed. Moreover, the initial state of an array antenna 
forms the beam in the direction of a transverse plane. 

[0128] Drawing 1 1 is as a result of [ of the 1st operation gestalt ] simulation, and is a graph 
which shows the directivity response pattern in the case of a four-element linear array antenna. 
The beam which has the about 12dB array factor of a theoretical limitation in the direction of 
the wave of choice is formed so that clearly from drawing 1 1 . It turns out that deep null can be 
formed in the direction of an interference wave. However, when SNR is low, the location of null is 
shifted a little. Control concentrates on the direction which forms a beam and this is considered 
for sensibility to fall to null somewhat, when SNR is low. 

[0129] Drawing 1 2 is as a result of [ of the 1st operation gestalt ] simulation, and is a graph 
which shows the property of a bit error rate (BER) over the subcarrier/noise power ratio in the 
case of a four-element linear array antenna (CNR). In drawing 12 , the property of the 
differentially coherent detection at the time of the four-element maximum ratio composition 
diversity reception in conditions without interference is shown as a theoretical value. Since the 
adaptive array using the M-CMA method not only turns a beam to the wave of choice, but can 
form sharp null in the direction of an interference wave, in all CNR conditions, it turns out that 
the outstanding property which carries out asymptotic to a theoretical value even at 1.5dB is 
acquired. It is thought that this 1.5dB degradation is based on the sensibility lowering to the null 
mentioned above. 

[0130] As explained above, the poliphase filter was used as the effective implementation 
approach of the M-CMA method which enables adaptation beam control in the analog beam 
shape molding adaptive array in which small and low-pricing are possible. In the renewal type of a 
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multiplier of the M-CMA method, the "perturbation term" and "a non-precessing term" of this 
time of day are theoretically needed. It uses that consider as the approach of acquiring this 
signal simply, and the time-sharing filter bank circuit 10 equipped with each filter bank which 
constitutes a poliphase filter outputs the completely same wave as this time of day. That is, 
different perturbation for every filter or a non-precessing term is outputted to each poliphase 
filter in the time-sharing filter bank circuit 10 by distributing the signal which does not receive a 
perturbation with a carrier beam signal. 
[0131] 

[Effect of the Invention] As explained in full detail above, according to this invention, the signal 
of two or more perturbation terms which the rate of the signal which should be processed is 
reduced and corresponds to each antenna element can be taken out to accuracy by using the 
time-sharing filter bank circuit which is a poliphase filter bank. Therefore, the A/D converter 
which can perform a very high-speed sampling as compared with a bit rate is not needed, but 
since it becomes a low speed, timing adjustment of a sampling also becomes easy, so, circuitry - 
- being easy — time accuracy — and control of the main beam and control of null are made to 
accuracy as a beam formation direction. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the control unit and the control approach for 
controlling the array antenna equipped with two or more antenna elements. 
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PRIOR ART 



[Description of the Prior Art] Drawing 10 is the block diagram showing the configuration of the 
control device of the array antenna of the conventional example. A radio signal is received in 
drawing 10 by the array antenna 100 by which it comes to juxtapose two or more the antenna 
elements 1-1 thru/or 1-N of N individual on 1 straight line at the predetermined spacing 
mutually. The radio signal received by each antenna element 1-1 thru/or 1-N, respectively A low 
noise amplifier (LNA) 2-1 thru/or 2-N, the down converter 5-1 that carries out frequency 
conversion to the intermediate frequency signal of a predetermined intermediate frequency, or 
5-N, It is outputted to the beam control circuit 93 and a variable phase-shifter 91-1 thru/or 91- 
N through A/D converter 9-1 thru/or 9~N which performs the demodulator 7-1 thru/or 7-N and 
the analog / digital conversion which restores to an intermediate frequency signal to baseband 
signaling. A variable phase-shifter 91-1 thru/or 91-N output the baseband signaling inputted to 
the synthetic vessel 92, after carrying out the phase shift only of the amount of phase shifts in 
which it is directed from the beam control circuit 93, respectively. The synthetic vessel 92 is 
outputted to an external device while it carries out power composition of the baseband signaling 
of a two or more N individual inputted and outputs the baseband signaling after composition to 
the beam control circuit 93. 

[0003] Each baseband signaling into which the beam control circuit 93 is inputted from A/D 
converter 9-1 thru/or 9-N here, Adaptation beam control algorithms, such as technique based 
on the criteria of MMSE (Minimizing Mean Square Error), such as law, are used, the baseband 
signaling after composition — being based — for example, well-known LMS (Least Mean Square) 
— It outputs in order for the baseband signaling after composition to serve as max, and to 
calculate each amount of phase shifts of the variable phase-shifter 91-1 by which an array 
antenna 100 turns the main beam in the predetermined direction thru/or 91-N and to control 
each variable phase-shifter 91-1 thru/or 91-N. 

[0004] The so-called control device of the ecad array antenna constituted as mentioned above 
is highly efficient antenna control equipment which can obtain the directivity response pattern 
which was adapted for the received electric-wave environment by combining with two or more 
antenna elements 1-1 thru/or 1-N, and radio set circuits the variable phase-shifter 91-1 which 
is a digital-signal-processing circuit thru/or 91-N, the synthetic vessel 92, and the beam control 
circuit 93. the configuration which used the digital beam formation circuit (DBF) in the 
conventional example of drawing 10 — it is — forming the main beam of an array antenna in the 
direction of a request incoming wave **** — the direction of an interference wave — null — it 
has the function to form a point and to remove this. 

[0005] However, since A/D converter 9—1 thru/ or 9— N needed to be used for the receiving- 
circuit (low noise amplifier 2-1 thru/or 2-N, down converter 5-1 or 5-N and demodulator 7-1 
thru/or 7-N) list for every antenna element 1-1 thru/or 1-N, there was a trouble that hardware 
magnitude and power consumption became large. Especially, when it is a high interest profit 
antenna with many element numbers of an antenna element, especially this problem will become 
serious. Furthermore, since it receives for every antenna element, there is also a fault that 
actuation becomes difficult under the environment to which signal level fell. 
[0006] In order to solve this trouble, this invention persons "For example, the conventional 
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technical reference 1 "M-CMA besides Tano (Modified Constant Modulus Algorithm), - In digital- 
signal-processing algorithm-" for adaptation beam shape ** by microwave signal processing, the 
Institute of Electronics, Information and Communication Engineers research report and A-P 99- 
62, and pp.15 1999 [ -22 or ]" M-CMA (ModifiedConstant Modulus Algorithm) is proposed as 
adaptation algorithm suitable for the adaptive array which performs beam shape ** with this 
microwave band, and performs digital-signal-processing control. By this M-CMA method, it is 
premised on constituting a beam formation machine from a variable phase-shifter and an adder 
for simplification of a hardware configuration, in order that the M-CMA method may make a 
valuation basis minimization of the average square error of amplitude deflection like the CMA 
method — the CMA method — the same — beam steering and null — the concurrency control 
of a steering is possible. Needless to say, since it is positioned in a blind algorithm, before the 
M-CMA method establishes frame synchronization, and a frequency and phase simulation, beam 
formation is possible for it. Therefore, beam shape ** is performed before various synchronous 
establishment, and from a beam formation machine, since the high signal of SINR (Signal to 
Interference and NoiseRatio) is supplied after IF stage, various synchronizations also have the 
advantage of being easily establishable, under the inferior SINR environment. The M-CMA 
method presumes the dip vector in the error flat surface over the control voltage of each 
variable phase-shifter using a perturbation theoretically. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained in full detail above, according to this invention, the signal 
of two or more perturbation terms which the rate of the signal which should be processed is 
reduced and corresponds to each antenna element can be taken out to accuracy by using the 
time-sharing filter bank circuit which is a poliphase filter bank. Therefore, the A/D converter 
which can perform a very high-speed sampling as compared with a bit rate is not needed, but 
since it becomes a low speed, timing adjustment of a sampling also becomes easy, so, circuitry - 
- being easy — time accuracy — and control of the main beam and control of null are made to 
accuracy as a beam formation direction. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, by the M-CMA method, the output signal 
(perturbation term) of the beam formation machine when giving a perturbation to the input signal 
of the same time of day and the output signal (non-precessing term) of the beam formation 
machine which is not given are needed in an updating type. There is an approach using a high- 
speed sampling as a means to ask for this in approximation. This samples the output signal of a 
beam formation machine at a high speed to a symbol rate, and uses the signal with which this 
output adjoined each other as "a non-precessing term" and a "perturbation term" at the same 
time it applies a perturbation. If the effect of a noise is disregarded, correlation of the signal with 
which the output signal of the beam formation machine by which the high-speed sample was 
carried out adjoined each other will be dramatically high to this principle of operation, and it will 
use that the difference among both is only a difference in the existence of a perturbation for it. 
However, there was a trouble that the A/D converter which can perform a very high-speed 
sampling in this case as compared with a bit rate being needed, and sampling timing adjustment 
were difficult, and circuitry became complicated. 

[0008] The object of this invention solves the above trouble and it is in offering the control unit 
and the control approach of an array antenna as for which control of the main beam and control 
of null are made to accuracy as a beam formation direction in time [ as compared with the 
conventional example, a configuration is easy, and ]. 



[Translation done.] 



http://www4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejue 



2007/09/14 



JP,2002~076747,A [MEANS] 



1/18 ^— v 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] the control unit of the array antenna concerning this invention - 
- two or more — two or more [ by which N antenna elements were received by each antenna 
element of the array antenna which it comes to juxtapose each other at the predetermined 
spacing ] — two or more [ to which the phase shift only of the predetermined amount of phase 
shifts is carried out and it outputs N radio signals, respectively ] — with N phase shift means A 
synthetic means outputted from each above-mentioned phase shift means to compound two or 
more radio signals of N individual, and to output the radio signal after composition, A recovery 
means to restore to it and output the radio signal outputted from the above-mentioned synthetic 
means to baseband signaling, A gain control means to carry out gain control of the baseband 
signaling outputted from the above-mentioned recovery means, and to output it on 
predetermined gain, A subtraction means to generate and output the error signal between the 
baseband signaling outputted from the above-mentioned gain control means, and the reference 
signal of a predetermined value, Only a predetermined shift amount is made to precess each 
amount of phase shifts of two or more above-mentioned phase shift means, respectively. So that 
the dip vector of the power of the error signal outputted from the above-mentioned subtraction 
means over each amount of phase shifts may be calculated and the error signal concerned may 
serve as min based on the dip vector and the above-mentioned error signal of power of an error 
signal which were calculated In the control unit of the array antenna equipped with the control 
means which calculates the gain of each amount of phase shifts for turning the main beam of the 
above-mentioned array antenna in the predetermined direction, and the above-mentioned gain 
control means, and is outputted to each above-mentioned phase shift means and the above- 
mentioned gain control means, respectively The above-mentioned baseband signaling includes a 
sequence signal including two or more sample signals. It is inserted and prepared between the 
above-mentioned recovery means and the above-mentioned gain control means or between the 
above-mentioned gain control means, the above-mentioned control means, and the above- 
mentioned subtraction means. At least one sample signal in the period which it does not precess 
based on the baseband signaling inputted, It is characterized by having further a time-sharing 
processing means for two or more sample signals within the above-mentioned sequence signal in 
the period which it precessed to differ and to perform time-sharing processing so that it may be 
outputted as an output signal. 

[0010] In the control device of the above-mentioned array antenna, the above-mentioned gain 
control means is preferably characterized by being a transversal filter circuit. 
[001 1] Moreover, the control unit of the array antenna concerning this invention two or more — 
two or more [ by which N antenna elements were received by each antenna element of the array 
antenna which it comes to juxtapose each other at the predetermined spacing ] — two or more 
[ to which the phase shift only of the predetermined amount of phase shifts is carried out, and it 
outputs N radio signals, respectively ] — with N phase shift means A synthetic means outputted 
from each above-mentioned phase shift means to compound two or more radio signals of N 
individual, and to output the radio signal after composition, A recovery means to restore to it and 
output the radio signal outputted from the above-mentioned synthetic means to baseband 
signaling, A gain control means to carry out gain control of the baseband signaling outputted 
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from the above-mentioned recovery means, and to output it on predetermined gain, A sign 
distinction means to output the sign distinction value signal which distinguishes the sign of the 
baseband signaling outputted from the above-mentioned gain control means, and shows a sign 
distinction value, A subtraction means to generate and output the error signal between the sign 
distinction value signal outputted from the above-mentioned sign distinction means, and the 
baseband signaling outputted from the above-mentioned gain control means, The variation which 
only the predetermined shift amount was made to precess each amount of phase shifts of two or 
more above-mentioned phase shift means, respectively, calculated the variation before and 
behind the perturbation of the baseband signaling outputted from the above-mentioned gain 
control means to each amount of phase shifts, and was calculated, Based on the baseband 
signaling outputted from the above-mentioned recovery means, the baseband signaling outputted 
from the above-mentioned gain control means, and the error signal outputted from the above- 
mentioned subtraction means, so that the root mean square of the above-mentioned error signal 
may serve as min It has the control means which calculates each above-mentioned amount of 
phase shifts and the above-mentioned gain for turning the main beam of the above-mentioned 
array antenna in the predetermined direction, and is outputted to each above-mentioned phase 
shift means and the above-mentioned gain control means, respectively. The above-mentioned 
baseband signaling includes a sequence signal including two or more sample signals. It is inserted 
and prepared between the above-mentioned recovery means and the above-mentioned gain 
control means or between the above-mentioned gain control means, the above-mentioned 
control means, and the above-mentioned subtraction means. At least one sample signal in the 
period which it does not precess based on the baseband signaling inputted, It is characterized by 
having further a time-sharing processing means for two or more sample signals within the 
above-mentioned sequence signal in the period which it precessed to differ and to perform time- 
sharing processing so that it may be outputted as an output signal. 

[0012] Preferably, the control unit of the above-mentioned array antenna is inserted and formed 
in the latter part of the above-mentioned recovery means, carries out analog-to-digital 
conversion to the baseband signaling outputted from the above-mentioned recovery means, and 
is characterized by having further a conversion means to output the digital baseband signaling 
after conversion. 

[0013] Furthermore, the control approach of the array antenna concerning this invention two or 
more — two or more [ by which N antenna elements were received by each antenna element of 
the array antenna which it comes to juxtapose each other at the predetermined spacing ] — N 
radio signals using two or more phase shift means with the step to which the phase shift only of 
the predetermined amount of phase shifts is carried out, respectively The step by which the 
phase shift was carried out [ above-mentioned ] and which compounds two or more radio signals 
of N individual, and outputs the radio signal after composition, The step which restores to the 
radio signal after the above-mentioned composition to baseband signaling, and the step which 
carries out gain control of the baseband signaling by which the recovery was carried out 
[ above-mentioned ] on predetermined gain using a gain control means, The step which 
generates the error signal between the baseband signaling by which gain control was carried out 
[ above-mentioned ], and the reference signal of a predetermined value, Only a predetermined 
shift amount is made to precess each amount of phase shifts of two or more above-mentioned 
phase shift means, respectively. Calculate the dip vector of the power of the above-mentioned 
error signal over each amount of phase shifts, and so that the error signal concerned may serve 
as min based on the dip vector and the above-mentioned error signal of power of an error signal 
which were calculated In the control approach of the array antenna containing the step which 
calculates each amount of phase shifts for turning the main beam of the above-mentioned array 
antenna in the predetermined direction, and the gain of the above-mentioned step which carries 
out gain control, and is outputted to each above-mentioned phase shift means and the above- 
mentioned gain control means, respectively The above-mentioned baseband signaling includes a 
sequence signal including two or more sample signals. It performs between the above-mentioned 
step which carries out a recovery, and the above-mentioned step which carries out gain control, 
or between the steps which generate the above-mentioned step which carries out gain control, 
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the above-mentioned step which carries out count, and the above-mentioned error signal. At 
least one sample signal in the period which it does not precess based on the baseband signaling 
inputted. It is characterized by including further the step which performs time-sharing processing 
so that it may be outputted as an output signal with which two or more sample signals within the 
above-mentioned sequence signal in the period which it precessed differ. 
[0014] In the control approach of the above-mentioned array antenna, the above-mentioned 
step which carries out gain control is preferably characterized by performing using a transversal 
filter circuit. 

[0015] Furthermore, the control approach of the array antenna concerning this invention two or 
more — two or more [ by which N antenna elements were received by each antenna element of 
the array antenna which it comes to juxtapose each other at the predetermined spacing ] — N 
radio signals with the step to which the phase shift only of the predetermined amount of phase 
shifts -is carried out using two or more phase shift means, respectively The step by which the 
phase shift was carried out [ above-mentioned ] and which compounds two or more radio signals 
of N individual, and outputs the radio signal after composition, The step which restores to the 
radio signal after the above-mentioned composition to baseband signaling, and the step which 
carries out gain control of the baseband signaling by which the recovery was carried out 
[ above-mentioned ] on predetermined gain using a gain control means, The step which outputs 
the sign distinction value signal which distinguishes the sign of the baseband signaling by which 
gain control was carried out [ above-mentioned ], and shows a sign distinction value, The step 
which generates the error signal between the above-mentioned sign distinction value signal and 
the baseband signaling by which gain control was carried out [ above-mentioned ], The variation 
which only the predetermined shift amount was made to precess each amount of phase shifts of 
two or more above-mentioned phase shift means, respectively, calculated the variation before 
and behind the perturbation of the baseband signaling by which gain control was carried out 
[ above-mentioned ] to each amount of phase shifts, and was calculated, Based on the baseband 
signaling by which the recovery was carried out [ above-mentioned ], the baseband signaling by 
which gain control was carried out [ above-mentioned 1 and the above-mentioned error signal, 
so that the root mean square of the above-mentioned error signal may serve as min It has the 
step which calculates each above-mentioned amount of phase shifts and the above-mentioned 
gain for turning the main beam of the above-mentioned array antenna in the predetermined 
direction, and is outputted to each above-mentioned phase shift means and the above- 
mentioned gain control means, respectively. The above-mentioned baseband signaling includes a 
sequence signal including two or more sample signals. It performs between the above-mentioned 
step which carries out a recovery, and the above-mentioned step which carries out gain control, 
or between the steps which generate the above-mentioned step which carries out gain control, 
the above-mentioned step which carries out count, and the above-mentioned error signal. At 
least one sample signal in the period which it does not precess based on the baseband signaling 
inputted, It is characterized by including further the step which performs time-sharing processing 
so that it may be outputted as an output signal with which two or more sample signals within the 
above-mentioned sequence signal in the period which it precessed differ. 

[0016] The control approach of the above-mentioned array antenna is preferably performed after 
the above-mentioned step which carries out a recovery, carries out analog-to-digital conversion 
to the baseband signaling by which the recovery was carried out [ above-mentioned ], and is 
characterized by including further the step which outputs the digital baseband signaling after 
conversion. 
[0017] 

[Embodiment of the Invention] Hereafter, the operation gestalt which starts this invention with 
reference to a drawing is explained. 

[0018] <Operation gestalt of** 1st> drawing 1 is the block diagram showing the configuration of 
the control device of the array antenna which is the 1st operation gestalt concerning this 
invention, and attaches the same sign about the same thing as drawing 10 . Moreover, drawing 2 
is the block diagram showing the detailed internal configuration of the time-sharing filter bank 
circuit 10 of drawing 1 , the beam control circuit 20, and the perturbation addition circuit 30. 
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[0019] The control unit of the array antenna of this 1st operation gestalt The array antenna 100 
(for example, it is a linear array and may be arranged in a two-dimensional configuration or a 
three-dimension configuration.) with which it comes to arrange two or more the antenna 
elements 1-1 thru/or 1-N of N individual at the predetermined spacing mutually In the adaptive 
control mold control unit equipped with the beam control circuit 20 for controlling a beam using 
the M-CMA method One signal in the period which it does not precess between A/D converter 
9 and the beam control circuit 30 in the perturbation addition circuit 30 based on the baseband 
signaling inputted (at least one signal may be used.) It is characterized by having the time- 
sharing filter bank circuit 1 0 which performs time-sharing processing so that it may be outputted 
as an output signal with which two or more sample signals within the M sequence signal which is 
a training signal in the period which it precessed in the perturbation addition circuit 30 differ. 
That is, since the time-sharing filter bank circuit 10 which consisted of this operation gestalt 
with a poliphase expression as an approach of solving the above-mentioned problem in the beam 
control which used the M-CMA method is used and the perturbation term and the non- 
precessing term in this time of day are acquired in a strict form by this, exact beam Nur control 
is enabled. Here, the digital filter 13-0 in the time-sharing filter bank circuit 10 thru/or 13- (M-1) 
carry out the poliphase configuration of the root roll-off filter used as a band limit filter for 
example, by the digital phase modulation system. 

[0020] Hereafter, the configuration of the control unit of the array antenna shown in drawing 1 is 
explained. In drawing 1 , the radio signal which the radio signal was received and was received by 
each antenna element 1-1 thru/or 1-N by the array antenna 100 by which it comes to arrange 
two or more the antenna elements 1-1 thru/or 1-N of N individual at the predetermined spacing 
mutually is inputted into a variable phase-shifter 3-1 thru/or 3-N through a low noise amplifier 
(LNA) 2-1 thru/or 2-N, respectively. Each variable phase-shifter 3-1 thru/or 3-N output the 
radio signal inputted to the synthetic vessel 4, after carrying out the phase shift only of each 
amount of phase shifts corresponding to each phase shift control voltage vk and i (i= 1, 2, — , N) 
outputted from the perturbation addition circuit 30, respectively. The synthetic vessel 4 outputs 
only the down converter 5 which carries out power composition of the radio signal of N individual 
inputted, and carries out frequency conversion of the radio signal after composition to the 
intermediate frequency signal of a predetermined intermediate frequency, and the band 
component of an intermediate frequency signal to a demodulator 7 through the band-pass filter 
(BPF) 6 which carries out band wave filtration. A demodulator 7 restores to the radio signal 
inputted to baseband signaling using the recovery approach corresponding to the modulation 
approaches by the side of a transmitter (for example, QPSK, PSK, FSK, etc.), and outputs it to 
A/D converter 9 through the low pass filter (LPF) 8 which takes out only desired baseband 
signaling. A/D converter 9 is boiled and outputted to the beam control circuit 20 through the 
time-sharing filter bank circuit 10 while it carries out A/D conversion of the baseband signaling 
of an analog inputted to digital baseband signaling and outputs the baseband signaling signal uk 
after conversion to an external device. 

[0021] In addition, the microwave signal processor which becomes in well-known large-scale 
GaAsMMIC can constitute a variable phase-shifter 3-1 thru/or 3-N and the synthetic vessel 4, 
for example. Moreover, in this operation gestalt, baseband signaling sets the sampling rate of 
A/D converter 9 to fs=2Mfc for example, including an M sequence signal as a training signal. 
Here, M is the one or more natural numbers, and fc is a symbol clock frequency. 
[0022] The delay circuit 11-1 thru/or 11- (M-1) of an individual which is mutually connected to 
concatenation and has the time delay of 1/(2Mfc), respectively as the time-sharing filter bank 
circuit 10 is shown in drawing 2 (M-1), M down samplers 12-0 thru/or 12- (M-1) which has a 
twice as many down sampling rate as this, respectively (M/2), M digital filters 13-0 thru/or 13- 
(M-1) which has the transfer function which carries out the detail after-mentioned, respectively, 
for example, consists of FIR filters, It has M down samplers 14-0 thru/or 14- (M-1) which has a 
twice as many down sampling rate as this, respectively (1/4), and is constituted. In the time- 
sharing filter bank circuit 10 the baseband signaling uk from A/D converter 9 While being 
outputted to the beam control circuit 20 through down sampler 12- (M-1), digital filter 13- (M- 
1), and down sampler 14- (M-1) as baseband signaling psik by which time-sharing processing was 
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carried out, and M-1 It is outputted to the down sampler 12-0 through delay circuit 11- (M~1) of 
the individual (M-1) by which cascade connection was carried out mutually thru/or 11-1. Here, 
the baseband signaling uk outputted from delay circuit 1 1- (M-1) is outputted to the beam 
control circuit 20 through down sampler 12- (M-2), digital filter 13- (M-2), and down sampler 14- 
(M-2) as baseband signaling psik by which time-sharing processing was carried out, and M-2. 
baseband signaling psi by which time-sharing processing of the baseband signaling uk outputted 
from delay circuit 1 1-m was hereafter carried out similarly through down sampler 12-m, digital 
filter 13-m, and down sampler 14-m — it outputs to the beam control circuit 20 as k and m — 
having — here — m=M- it is 3, — , 0. 

[0023] Drawing 3 is the block diagram showing the example of the time-sharing filter bank circuit 
10 of drawing 2 of operation, and shows the case of N=M -1 as an example with this operation 
gestalt. 

[0024] With this operation gestalt, as shown in drawing 3 , divide the time amount T of one 
symbol into two, and it sets to time amount T / 2. M sample signals (this corresponds an M 
sequence signal.) The sample signal of the 1st non-precessing term in the period to include and 
which does not precess M sample signals in the perturbation addition circuit 30 (deltav=0), The 
sample signal (perturbation addition electrical-potential-difference deltav was added) of the 
perturbation term of two or moreN (= M-1) individual within the M sequence signal which is a 
training signal in the period which it precessed in the perturbation addition circuit 30 is included. 
And the time-sharing filter bank circuit 10 performs time-sharing processing so that it may be 
outputted as an output signal with which the sample signal (deltav=0) of the 1st non-precessing 
term differs from the sample signal (perturbation addition electrical-potential-difference deltav 
was added) of M-1 perturbation term among M sample signals. 

[0025] In drawing 2 , baseband signaling psik after the time-sharing processing outputted from 
the time-sharing filter bank circuit 10 and 0 are inputted into the beam control section 21 and a 
subtracter 24 through the adjustable amplifier 22-0 which has the control gain gk specified by 
the beam control section 21 while they are directly outputted to the beam control section 21. 
moreover, baseband signaling [ after the time-sharing processing outputted from the time- 
sharing filter bank circuit 10 ] psi — k and m are inputted into the beam control section 21 
through adjustable amplifier 22~m which has the control gain gk specified by the beam control 
section 21 — having — here — m= — it is 1, 2, — , M-1. Here, control gain can take a forward 
or negative value. On the other hand, the reference signal generator 23 generates the reference 
signal sigma which has predetermined constant value, and outputs it to a subtractor 24. A 
subtracter 24 subtracts the baseband signaling yk after gain magnification, and 0 from a 
reference signal sigma, and outputs the error (or deflection) signal ek to the beam control 
section 21. Based on the error signal ek inputted, M baseband signaling yk by which gain control 
was carried out, respectively, 0 or yk, M-1, and baseband signaling psik before gain control and 0, 
the beam control section 21 so that the detail after-mentioned may be carried out Control the 
switching controller 32 of the perturbation addition circuit 30, and only a predetermined shift 
amount is made to precess each variable phase-shifter 3-1 thru/or each phase shift control 
voltage vk and i (i= 1, 2, — , N) of 3-N using the M-CMA method. Make only a predetermined 
response shift amount precess each amount of phase shifts which corresponds by this, and the 
dip vector of the power of the error signal ek outputted from the subtractor 22 to each amount 
of phase shifts is calculated. Power of the baseband signaling yk outputted from A/D converter 
9 based on the dip vector of the power of the calculated error signal ek is made into max. So 
that the error signal ek concerned may serve as min based on the error signal ek outputted from 
a subtractor 22 The amplification degree gk of each phase shift control voltage vk and i 
corresponding to each amount of phase shifts for turning the main beam of an array antenna 100 
in the predetermined direction and the adjustable amplifier 21 is calculated. While outputting 
each calculated phase shift control voltage vk and i to each variable phase-shifter 3-1 thru/or 
3-N through the perturbation addition circuit 30, the calculated amplification degree gk is 
outputted to the adjustable amplifier 21. 

[0026] The perturbation addition circuit 30 is equipped with the perturbation addition voltage 
generator 31 which generates perturbation addition electrical-potential-difference deltav, the 
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switch 34-1 of N individual thru/or 34-N, and the adder 33-1 thru/or 33-N of N individual, and is 
constituted. Here, perturbation addition electrical-potential-difference deltav generated by the 
perturbation addition voltage generator 31 is inputted into each contact b of a switch 34-1 
thru/or 34-N, and each contact a of a switch 34-1 thru/or 34-N is grounded, respectively. 
Although a switch of these switches 34-1 thru/or 34-N is controlled by the switch controller 32 
which operates by control of the beam control section 21 and each switch 34-1 thru/or 34-N 
are usually connected to Contact a side here The switching controller 32 for example, when 
having received the training signal it is shown in drawing 3 — as — time amount T / 2 of the one 
half of one symbol — setting — the sample signal (deltav=0) of the 1st non-precessing term in 
the sample signal of +one M=N of an M sequence signal — then So that the sequential output of 
the sample signal (perturbation addition electrical-potential-difference deltav was added) of the 
perturbation term of two or moreN (= M-1) individual corresponding to each phase shifter 3-1 
thru/or 3-N may be carried out By switching only the switch 34-1 of N individual thru/or one 
switch in 34-N to Contact b side one by one, it adds and adds by one of an adder 33-1 thru/or 
33-N to the phase shift control voltage vk and n (n= 1 , 2, — , N) outputted from the beam control 
section 21. The phase shift control voltage outputted from the perturbation addition circuit 30 is 
outputted to a phase shifter 3-1 thru/or 3-N, respectively as phase shift control voltage vk and 
n(n=1,2, — , N). 

[0027] In addition, although it differs in the phase shift control voltage vk and n outputted from 
the beam control circuit 20, and the phase shift control voltage vk and n outputted from the 
perturbation addition circuit 30 when having received the training signal, and adding perturbation 
addition electrical-potential-difference deltav, the same notation is attached on [ of 
explanation ] expedient. 

[0028] Subsequently, the principle and technical problem of the M-CMA method used with this 
operation gestalt are explained. In drawing 1 which shows the configuration of the adaptive array 
which united beam shape ** and digital signal processing by microwave signal processing, after 
weighting of the input signal received by the antenna element 1-1 thru/or 1-N of an array 
antenna 100 arranged at intervals of d in space is carried out through LNA 2-1 thru/or 2-N by 
the variable phase-shifter 3-1 thru/or 3-N which consists of MMIC(s) etc., it is added with the 
synthetic vessel 4, and it turns into an output signal of a beam formation machine, if the signal 
received with the i-th feed component in time of day k is set to uk and i — the output signal sk 
of a beam formation machine — an equivalence low-pass model (for example, refer to the 
conventional technical reference 2 ""the present-day communication line theory" besides S . 
Stein, Morikita Shuppan, and 1 970".) — using — a degree type — it is expressed like. 
[0029] 
[Equation 1] 

= Sexp(-j(?(v fc2 )) M ^ 

[0030] In one above, vk and i are control voltage impressed to variable-phase-shifter 3H 
connected to i-th antenna element H, theta (-) is a phase shift characteristic function to the 
control voltage of variable-phase-shifter 3-i, N shows the number of antenna elements and j 
shows the imaginary unit. The output signal of this beam formation machine is changed into a 
baseband band by the down converter 5, and A/D conversion is carried out with A/D converter 
9. Although the output signals sk of signal sk' by which frequency conversion was carried out, 
and a beam formation machine completely differ here, supposing frequency conversion and 
filtering are performed ideally, the difference among both is only the existence of exp (j2pft). 
However, f is carrier frequency, i expresses an imaginary unit and t expresses time of day. With 
this operation gestalt, in order to verify the upper bound of the property on the theory of a beam 
formation machine, the imperfection of RF band etc. is not taken into consideration. In this case, 
since the existence of exp (j2pft) is not an essential problem, it explains with this operation 
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gestalt by identifying the output signal sk of signal sk' by which frequency conversion was 
carried out, and a beam formation machine in the same category. 

[0031] The input signal by which A/D conversion was carried out is amplified by the adjustable 
amplifier 22-0 thru/or 22- (M-1) which is the AGC amplifier of a baseband band. The signal yk 
after magnification and the error with the request level sigma are defined like a degree type as 
an error signal ek. 
[0032] 

[Equation 2] Ek=sigma p-gkp|sk|p=sigma p-|yk|p, however [Equation 3] yk=gksk [0033] Here, gk is 
the gain of the adjustable amplifier 22-0 in time of day k thru/or 22- (M-1). Moreover, |-| in two 
above means taking the absolute value of complex. On the other hand, it is a multiplier in the M- 
CMA method, and p takes the one or more natural numbers, and is p= 2 with this operation 
gestalt. The gain gk of this adjustable amplifier is optimized by the following valuation basis. 
[0034] 

[Equation 4] J=E[|ek|q] ->min [0035] In four above, J is a cost function, E [-] is a function which 

takes an ensemble average, and q means the multiplier of the M-CMA method with p. Therefore, 

several 4 expresses the valuation basis which minimizes the cost function J. If this solution is 

calculated based on the well-known principle of SGD (Stochastic Gradient Decent), an optimum 

value will be calculated by repeating the following formulas about the gain gk of adjustable 

amplifier. 

[0036] 

[Equation 5] 

Sk 

dJ 

= g k _i +{i | e k f~ 2 e k | y k \^~\ s k \ 

[0037] m with five above is a multiplier called a step size parameter. Furthermore, if optimization 
is attained to the control voltage of a beam formation machine with one above based on a 
valuation basis with four above, an optimum value can be found by repeating a degree type from 
the principle of SGD. 
[0038] 
[Equation 6] 

dJ 

= v k _ Xi +fu\e k \ q ~ 2 e k \ y k \ v ~ l A z - | y k \ 

[0039] Here, deltai|-| expresses the fine multiplier to the control voltage of variable-phase- 
shifter 3-i connected to i-th antenna element H, and asks for it in approximation as follows. 
[0040] 
[Equation 7] 

&i\yk\ 

= g£ A zK( v /U *k,2 - *k 9 N)\ 

= gki\ s k(yk,l - %,f+Av ... v ktl )\-\s k (y k j ... v kJ ... v kA )\} 

[0041] By using six above, it can oppress to the amplitude deflection defined by several 2 not 
only like the gain gk of adjustable amplifier but like the usual CMA method. However, in quest of 
the optimum value of control voltage, the "perturbation term" and "a non-precessing term" of 
this time of day are needed from six above and several 7. While this applies a perturbation, as 
compared with a symbol rate, A/D conversion of it is carried out to a high speed, and it can be 
solved by using a ******** signal. That is, since it could consider that it was almost the same 
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since the adjacent signal had high signal correlation, and the one of the two has received the 
perturbation, the above-mentioned requirements can be satisfied. However, in order to raise 
precision, it is necessary to carry out a sample considerably at high speed, and implementation 
of hardware will become difficult if it takes into consideration that a bit rate will accelerate from 
now on. So, with this operation gestalt, this sampling rate could be reduced, in order to acquire 
highly precise "non-precessing term" and a "perturbation term", the time-sharing filter bank 
circuit 10 is used, and subsequently this is explained in full detail. 

[0042] Although frequency conversion of the output signal of the beam formation machine shown 
by one above is carried out with a down converter 5 and it is changed into a digital signal by A/D 
converter 9, the sampling rate at that time is performed by M times of an information rate, a 
digital filter removes an undesired signal, and the system which acquires a recovery signal by 
performing decimation is used. When it constitutes this digital filter from an FIR (Finite Impulse 
Response) filter, generally the poliphase expression of that transfer function T (z-1/M) can be 
carried out as follows. 
[0043] 

[Equation 8] 

T{Z -MM ) 

^T 1 . -i/M 

i2=0 n=- L h+i2>M Z 

M-l , 

i 2 =0 12 

[0044] However, M-1 is Ti (z-1), l= 0, — , a filter bank that constitutes each poliphase filter, and 
is defined like a degree type. 
[0045] 
[Equation 9] 

T 1 {z- l ) = z- l/M Z 1 h 1IX£ . 

i=-L t+llM Z 



i 



[0046] With [ the working speed of each filter in a bank ] a Nyquist rate [ more than ], the input 
signal of each filter is not concerned with a sampling rate, but holds fixed spectrum information. 
At this time, if there is no noise, the same signal will be outputted from all filter banks. However, 
it is necessary to satisfy the following conditions. 
[0047] 

[Equation 10] 

Tl(z-1) =Tm(z-1);l, m= 0, — , M-1 [0048] Here, it is shown that the same signal is acquired by the 
filter bank concerned. When an input signal is made into uk- (i+l/M), the output signal of the 
poliphase filter defined by ten above is expressed like a degree type. 
[0049] 

[Equation 11] 

L-l 

Wk,l = £ hi+llM u k-(i+HM) 
i=-L 

[0050] When DFT (Digital Furrier Transform) of this signal is carried out, it is expressed like a 

degree type. 

[0051] 
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[Equation 12] 

N-\L-\ kn 
i—Qi--L N 

~ .J* i+l,M e ^~ j2fr ^ )^ o u k-(i+l/M) exp(-./2^ ^ ^-) 

= F(^)F( Hifc ) 

[0052] However, F (-) expresses the signal after DFT of -. That is, a signal with the same 
frequency spectrum is acquired from all poliphase filters. Therefore, if ID FT (Inverse DFT) of this 
output is carried out, there will also be no misgiving and the same time series will be acquired. 
[0053] Subsequently, in order to carry out matrix representation of the transfer function of the 
filter bank of a poliphase expression, delay matrix F (I) which a degree type defines is introduced. 

[0054] 

[Equation 13] phi(l) **diag [z-l zH-1/M — z-|-(M-1)/M] 

,= ~L. — . L-1 [0055] Here, ** means what "is defined" and diag (-) means the diagonal matrix 
which uses the vector in a parenthesis as a diagonal element. By using this delay matrix, the 
transfer function of a filter bank can carry out vectorial representation like a degree type 
[0056] 

[Equation 14] 

phi — ** — [ — T — zero — (— z — ) T — one — (— z — ) TM - one — ( — z 

— ) — ] — T — = — [— phi (-L) phi (-L+1) phi (L-1) — ] — H — [ — 0057 — ] 

However, H=[h-L and h-L+1/M, — , hL+(M-1)/M] T expresses the impulse response of the filter 
before being poliphase-ized. On the other hand, in the beam formation machine expressed with 
several 1 , when applying the sequential perturbation from the 1 st antenna element 1 -1 , the 
output signal can carry out a formula expression as follows. 
[0058] 

[Equation 15] 

Sk 

= diag[s k s k+VM ••• 5fe+(M-l)/M] r 



U k,N 



[0059] Uk, i and Wk in 15 above, and i are the weighting-factor matrices over the i— th output 
signal and output signal of antenna element 1 -i, respectively, and are expressed like a degree 
type. 
[0060] 

[Equation 16] Wk, j=diag [exp(-jtheta (vk, i)) exp(-jtheta (vk+1/M, 0) — exp (-jtheta (vk+ (M-1) / 
M, i))] 

[Equation 17] Uk, i=diag (uk and i uk-1/M, i — uk- (M-1) / [M, 0) 

[0061] If the output signal of this beam formation machine is inputted into the time-sharing filter 
bank circuit 10 which is the poliphase filter bank expressed with 14 above, the input signal to the 
adjustable amplifier 22-0 thru/or 22- (M-1) will be acquired. That is, when the inverse z 
transform of the output signal is inputted and carried out to 14 above, the output-signal vector 
psik is expressed like a degree type using the matrix defined by 15 above. 
[0062] 

[Equation 18] 
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[0063] Here, it is [Equation 19] about vector thetak and i. It introduces with thetak and i**(Uk+L, 
i, — , [Uk, - (L-1) f i]) H. if there is no effect of a noise and conditions with ten above are 
satisfied here — above — Vector theta — there where all the elements of k and i become the 
same (it is as having mentioned above using several 1 1 and several 1 2.) — the value — theta — 
if it sets with k and i — vector P= [1 , — , 1] — using — Vector theta — k and i — [Equation 20] 
It is expressed thetak and i**theta k and iP. Then, 18 above is rewritten like a degree type. 
[0064] 

[Equation 21] 

^k 

=[••■ X0kj^-J0<yk+i/M 9 i)) -l r 

/ = 0,—M-l 

[0065] 21 above is a weighting factor [several 22], after once changing the signal from each 
antenna element 1-1 thru/or 1-N into a baseband band and passing the digital filter of transfer 
function T (z). WkT=[exp (j-2 theta (vk, i), — , exp (-j2theta (vk+I/M, i)) f — ]) 

The signal equivalent to what came out of and carried out weighting means being outputted from 
the filter of eye l/M watch of the time-sharing filter bank circuit 10 which is a poliphase filter 
bank. Then, weighting factors Wk and i are operated like a degree type. However, it considers as 
M>=N +1 (with drawing 1 thru/or the operation gestalt of drawing 3 , it is considering as M=N 

+U 
[0066] 

[Equation 23] Here, it is i= 1, — , N and l= 0, — , M-1 at the time of vk+l/M, i=vk, and i+delta v;i!=l 
at the time of vk+I/M, i=vk, and i;i!=l. 

[0067] That is, in M continuous input signal sequences, a perturbation is not given to the first 
sample signal at all, but the perturbation is applied to the control voltage of the variable phase- 
shifter 3-1 connected to each component from the following sample thru/or 3-N one by one. 
Specifically by the I — th sample signal, a perturbation is given only to the I — th control voltage of 
variable-phase-shifter 3-L The 0th filter of the time-sharing filter bank circuit 10 which is a 
poliphase filter bank by this (in the time-sharing filter bank circuit 10 of drawin g 2 ) Signal psik of 
a non-precessing term and 0 are outputted from a digital filter 13-0 and the down sampler 14-0, 
and it is the I— th filter (in the time-sharing filter bank circuit 10 of drawing 2 ). From digital filter 
13-1 and down sampler 14-1, signal psik of a perturbation term to I— th antenna element H and I 
are outputted. Therefore, it turns out that the problem mentioned above is solvable by applying a 
poliphase filter. That is, the adaptive array adapting a poliphase filter of the M-CMA method can 
ask for the optimal multiplier based on the following successive renewal types of a multiplier. 
[0068] 

[Equation 24] yk, i=gkpsik, and i — here — i= — 0, 1 , — , M-1 — [Equation 25] ek=sigma p-|yk 
and 0|p — [Equation 26] vk, i=vk -1, i+mu|ek|q-2 ek|yk, 0|p-1 (|yk, i|-|yk, 0|) 
here — i= 0, — , M-1 — [Equation 27] 

gk-1=gk-1+ mu|ek|q-2 ek|yk, 0|p-l|psik, 0| [0069] Generally, although an anti-aliasing filter is 
applied as a poliphase filter, since it has the analog low pass filter in front of A/D converter 9 in 
communication system, the anti-aliasing filter is unnecessary. So, the time-sharing filter bank 
circuit 10 consists of these operation gestalten by, for example, poliphaseHzing the root roll-off 
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filter of a receiver in the nyquist filter system often used by the phase modulation system. 
[0070] In drawing 1 , it is inputted into the time-sharing filter bank circuit 10 which is a poliphase 
filter, after passing through the low pass filter 8 which is an area JINGU filter before the A/D 
conversion by A/D converter 9. It is necessary to operate the digital filter 1 3-0 thru/or 1 3- (M- 
1) which is each root roll-off filter in the poliphase filter bank which is the time-sharing filter 
bank circuit 10 of drawing 2 more than by the twice of a Nyquist rate so that area JINGU 
distortion may not be given to a signal. Therefore, to form a root roll OFUTO filter into M-phase, 
it is necessary to carry out the sample of A/D converter 9 more than by 2M time of a Nyquist 
rate (with this operation gestalt, the sampling rate is set to f=2Mfc as mentioned above.). And 
after carrying out time sharing by the delay circuit 11-1 thru/or 1 1- (M-1) by which cascade 
connection was carried out, Decimation is carried out to M/2 by the M/2 twice as many down 
sampler 12-0 as this thru/or 12- (M-1). After passing through a digital filter 13-0 thru/or 13- 
(M-1), the recovery signal of the M sequence which is parallel and consists of M sample signals 
by which time-sharing processing was carried out is acquired by increasing decimation 4 times 
by the 4 times as many down sampler 14-0 as this thru/or 14- (M-1). In addition, preferably, the 
multiple of the down sampler 12-0 thru/or 12- (M-1) and the multiple of the down sampler 14-0 
thru/or 14- (M-1) are chosen so that those products may be set to 2M. 
[0071] In drawing 3 which shows the example of the time-sharing filter bank circuit 10 of 
operation, the exaggerated sample of the inside of 1 symbol is carried out by twice (N+1), i.e., the 
twice of the element number N+1 of an antenna, and it distributes to N+1 filter bank. Each filter 
bank calculates by the twice of a symbol rate. A perturbation is given to the variable phase- 
shifter 3-1 thru/or 3-N synchronously connected to each antenna element 1-1 thru/or 1-N one 
by one within 1 / 2 symbols on the other hand. However, a perturbation is surely reset every 1/2 
symbol, namely, the signal of a non-precessing term is generated. In addition, although all 
perturbations were performed within 1 symbol in drawing 3 , it is also possible to give the 
perturbation to the variable phase-shifter of one antenna element, whenever it receives the 
signal of one symbol, to perform one of this at a time, and to reduce operation speed by things 
In this case, the perturbation of all components is ended only after receiving the symbol signal of 
N individual. However, if it takes into consideration that it is necessary to insert in 1/2 symbol 
the period which does not give a perturbation, a sampling rate can be reduced up to 4 times of a 
symbol rate. 

[0072] As explained above, according to this operation gestalt, the signal of two or more 
perturbation terms which the rate of the signal which should be processed is reduced and 
corresponds to each antenna element can be taken out to accuracy by using the time-sharing 
filter bank circuit 10 which is a poliphase filter bank. Therefore, the A/D converter which can 
perform a very high-speed sampling as compared with a bit rate is not needed, but since it 
becomes a low speed, timing adjustment of a sampling also becomes easy, so, circuitry — being 
easy — time accuracy — and control of the main beam and control of null are made to accuracy 
as a beam formation direction. 

[0073] <1st modification> drawing 4 is the block diagram showing the configuration of the time- 
sharing filter bank circuit 10 in the control device of the array antenna of the 1st modification 
concerning this invention which is the modification of the 1st operation gestalt, and beam control 
circuit 20a, and the same thing as drawing 1 and drawing 2 attaches the same sign. 
[0074] In the 1st operation gestalt, although it had M adjustable amplifiers 22-0 thru/or 22- (M- 
1) between the time-sharing filter bank circuit 10 and the beam control section 21, it is 
characterized by having replaced with this and inserting one adjustable amplifier 22 which has 
the control gain gk specified by the beam control section 21 between A/D converter 9 and the 
time-sharing filter bank circuit 10. Although the beam control section 21 needs the baseband 
signaling yk before gain control, and 0 (baseband signaling psik of drawing 2 , 0) in the beam 
control processing by the M-CMA method here, this is calculable by doing the division of 
baseband signaling psik outputted from the time-sharing filter bank circuit 1 0 of drawing 4 , and 
0 on the control gain gk. Moreover, for this, instead, as a dashed line shows drawing 4 , time- 
sharing separation may be carried out and the baseband signaling yk before gain control and 0 
(baseband signaling psik of drawing 2 , 0) may be taken out from the baseband signaling uk from 
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A/D converter 9. 

[0075] According to the 1st modification constituted as mentioned above, in addition to the 
operation effectiveness in the 1st operation gestalt, the number of the adjustable amplifier 22 
can be decreased substantially and this has the characteristic effectiveness that circuitry can 
be simplified more. 

[0076] <Operation gestalt of ** 2nd> drawing 5 is the block diagram showing the configuration of 
the time-sharing filter bank circuit 10 and 20t of beam control circuits in the control device of 
the array antenna which is the 2nd operation gestalt concerning this invention, is the block 
diagram showing the TRF circuit 61-1 of drawing 5 thru/or the detailed internal configuration of 
61- (M-1) (it names generically and a sign 61 is attached hereafter.), and attaches the same sign 
about the same thing as drawing 1 thru/or drawing 4 , and drawing 10 . The control unit of the 
array antenna of this 2nd operation gestalt The transversal filter circuit which replaces with 
drawing 1 concerning the 1 st operation gestalt, and the beam control circuit 20 of drawing 2 , 
and has the TDL (Tapped Delay Line; delay line with tap) circuit 70 (it is hereafter called a TRF 
circuit.) While having 61, it is characterized by having 21 1 of beam control circuits equipped with 
21t of beam control sections which perform beam control of an ecad using the signal-processing 
M-CMA method between space-time which carries out the detail after-mentioned. Other 
configurations are the same as that of the 1st operation gestalt, and omit detail explanation here. 

[0077] In drawing 5 , baseband signaling psik outputted through the time-sharing filter bank 
circuit 10 from A/D converter 9 and m (m= 0, 1 and 2, — , M-1) While being inputted into the 
adjustable amplifier 72-0 in 21 1 of beam control sections, and the TRF circuit 61, the delay 
circuit 71-1 of two or more (L-1) individuals thru/or 71- (L-1) are inputted into the delay circuit 

71- 1 of the 1st step of the TDL circuit 70 which comes to carry out cascade connection. 
Above-mentioned baseband signaling psik and m are outputted to 21 1 of beam control sections, 
and an adder 73 through the delay circuit 71-1 of two or more (L-1) stages thru/or 71- (L-1), 
and adjustable amplifier 72- (L-1) while they are outputted to an adder 73 through the adjustable 
amplifier 72-0. In the TDL circuit 70, each delay circuit 71-1 thru/or 71- (L-1) delay for it and 
output only the predetermined time delay tau for the signal inputted, respectively. Here, although 
a time delay tau is preferably set as one half of 1 symbol time amount, it may be set, for example 
as less than [ 1 symbol time amount or it ]. 

[0078] Delay signal bpk-1 of baseband signaling psik outputted from a delay circuit 71-1 and 
m=bpk is outputted to an adder 73 through the adjustable amplifier 72-1 while it is outputted to 
21t of beam control sections. Moreover, delay signal bpk-2 of the baseband signaling bpk 
outputted from a delay circuit 71-2 are outputted to an adder 73 through the adjustable amplifier 

72- 2 while they are outputted to 21 1 of beam control sections. Furthermore, delay signal bpk-3 
of the baseband signaling bpk outputted from a delay circuit 71-3 are outputted to an adder 73 
through the adjustable amplifier 72-3 while they are outputted to 21 1 of beam control sections. 
Still more nearly similarly, delay signal bpk-L of the baseband signaling bpk outputted from delay 
circuit 71- (L-2) is outputted to an adder 73 through adjustable amplifier 72- (L-2) while it is 
outputted to 21 1 of beam control sections. The adjustable amplifier (or gain control machine) 72- 
0 thru/or 72- (L-1) amplify and (or gain control) output the signal inputted by the amplification 
degree wO set up by 21 1 of beam control sections thru/or wL-1, respectively, and amplification 
degree (or gain) takes the value of ****** here. And an adder 73 adds delay signal bpk-1 
thru/or bpk-L +1 of the baseband signaling bpk inputted and its two or more (L-1) individuals, 
and outputs the signal of an addition result to 21 1 of beam control sections as output signals yk 
and m (m= 0, 2 [ 1 and 2 ], — , M-1). In addition, an output signal yk and 0 are outputted also to a 
subtracter 24. Thus, by constituting, the TRF circuit 61 equipped with the TDL circuit 70, the 
adjustable amplifier 72-0 thru/or 72- (L-1), and an adder 73 is constituted. That is, each 
adjustable amplifier 22-0 thru/or 22- (M-1) in the 1st operation gestalt consists of the 2nd 
operation gestalt in the TRF circuit 61 of drawin g 6 . 

[0079] On the other hand, the reference signal generator 23 generates the reference signal 
sigma which has predetermined constant value, and outputs it to a subtractor 24. A subtractor 
24 subtracts an output signal yk and 0 from a reference signal sigma, and outputs the error (or 
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deflection) signal ek to 21 1 of beam control sections. The error signal ek into which 21 1 of beam 
control sections is inputted, and baseband signaling bkk, It is based on the delay signal bkk-1 
thru/or yk-L +1, and the TRF circuit 61-0 thru/or the baseband signaling yk and m (m= 0, 2 [ 1 
and 2 1 — , M-1) after passage of 61- (M-1). Only a predetermined shift amount is made to 
precess each variable phase-shifter 3-1 thru/or each phase shift control voltage vk and i (i= 1, 
2 — t fs|) 0 f 3 — |sj by controlling the perturbation addition circuit 30 using the signal-processing M~ 
CMA method between space-time. Make only a predetermined response shift amount precess 
each amount of phase shifts which corresponds by this, and the dip vector of the power of the 
error signal ek outputted from the subtractor 24 to each amount of phase shifts is calculated. So 
that the error signal ek concerned may serve as min based on the error signal ek outputted from 
a subtractor 24 based on the dip vector of the power of the calculated error signal ek Each 
phase shift control voltage vk and i corresponding to each amount of phase shifts for turning the 
main beam of an array antenna 100 in the predetermined direction and each adjustable amplifier 
72-0 the amplification degree wO of 72- (L-1) thru/or wL-1 are calculated. It is outputted and 
set as each variable phase-shifter 3-1 thru/or 3-N and each adjustable amplifier 72-0 thru/or 
72- (L-1), respectively. 

[0080] In the control device of the array antenna concerning the 2nd operation gestalt 
constituted as mentioned above, adaptation beam control of the 20t of the beam control circuits 
can be accurately carried out so that an error signal ek may serve as min, the main beam of an 
array antenna 100 may be turned in the direction of the wave of choice and null may be turned 
in the direction of an interference wave. Moreover, in-phase synthesis of the delay wave of the 
wave of choice produced in a multi-pass transmission line can be incorporated and carried out 
using the TRF circuit 61, and the signal-to-noise power ratio (S/N) in the wave of choice can be 
improved. Moreover, although a low noise amplifier 2-1 thru/or 2-N and a variable phase-shifter 
3-1 thru/or 3-N need N individual corresponding to the element number N of an antenna 
element 1-1 thru/or 1-N with the 2nd operation gestalt, the number of each circuitry elements 
is one sufficient in the circuit after the synthetic vessel 4. Therefore, as compared with the 
conventional example shown in drawing 10 , as compared with the conventional example, a 
hardware configuration is easy, and since there are few circuitry elements, there is little power 
consumption. 

[0081] Subsequently, adaptation beam processing in which it uses with the 2nd operation gestalt 
is explained below. In the configuration of the adaptive array antenna concerning the 2nd 
operation gestalt, baseband signaling yk=yk (vk, 1 , — , vk, N) can be expressed like above several 
1 using a well-known equivalence low-pass model. This baseband signaling yk is inputted into the 
TRF circuit 61 which has the TDL circuit 70. In the TRF circuit 61, after weighting of the signal 
outputted from each tap of the TDL circuit 70 is carried out by the adjustable amplifier 72-0 
thru/or 72- (L-1) with the amplification degree wk (i) which is a tap multiplier, respectively, it is 
added with an adder 73 and outputs the output signals yk and m (= it sets with zk.) shown below. 

[0082] 

[Equation 28] 

z k ( v kJ ,...v k ^) = £ wj(i) bp k ^ i(v kpl ,-, v k Ar ) 
i = 0 

[0083] Here, in order to perform blind control of a beam and null, minimization of the amplitude 
deflection of the output signal zk of the TRF circuit 61 is attained like the well-known CMA 
method. That is, it is [Equation 29] when the error of an output signal yk, and a 0=zk and a 
reference signal sigma is defined like a degree type. It becomes a requirement to satisfy the 
formula below ek=sigma p-|zk(vk, 1, — , vk, N) |p. However, sigma is the level of a reference 
signal and shows desired amplitude level. 
[0084] 

[Equation 30] 
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= 0 



(! = !,• 



N) 



[Equation 31] 



0 



(i = 0,- 



1) 



[0085] Here, p and q show the dimension of presumption of the CMA method, and in practice, 
the time of p=q=2 is called the CMA method and they are called Goddard's algorithm except it. 
By the CMA method, it cannot ask for several 30 partial differential by one above and several 28. 
Then, in this operation gestalt, make a variable phase-shifter 3-1 thru/or the control voltage vk 
of 3-N, 1, — , vk and N precess, each amount of phase shifts is made by this to precess like M- 
CMA concerning the 1st operation gestalt, and it asks. Moreover, it can ask for 31 above like the 
usual CMA method. Here, a multiplier update process is performed for an output signal zk as 
follows as zk=zk (vk (1), — vk (N)). 

[0086] The algorithm which looks for the solution with which 29 above is made into an error 
function and it is satisfied of 30 above and several 31 can be expressed like a degree type, if the 
principle of the well-known steepest descent method is applied. 
[0087] 

[Equation 32] 



V>- r v k 



e' 



[Equation 33] 

wk=wk-r 



eel 



5w k ( i ) 



: w k __ !+ v e| 1 | z k | p 



-9 3 



dw£( i ) 



[0088] 32 above and several 33 are the formulas of the algorithm for satisfying 30 above and 
several 31, respectively. The partial-differential term in 32 above can be acquired using the 
approximation of a partial differential with 26 above. On the other hand, the partial-differential 
term in 31 above can be directly searched for by carrying out the partial differential of the both 
sides with 28 above. Therefore, 32 above and several 33 become a degree type, and perform 
convergence processing using the renewal type of a multiplier of a degree type. 
[0089] 

[Equation 34] vk, i=vk -1, i+mu vekq-1 |zk|p-2deltai|zk| (i= 1, — N), 
[Equation 35] wk(i) =wk~1(i)+muwekq-1 |zk|p-2 zk*yk (i= 0, — L-1), 

[0090] However, [Equation 36] It is deltai|zk|=deltai|zk(vk, 1, — , vk and i, — , vk, N) |=|zk(vk1, — 
vk, i+deltav, — , vk, N) Hzk(vk, 1 , — , vk and i, — , vk, N) |. 

[0091] In 46 above, deltav is a very small term for a perturbation, and 34 above, and muv and 
muw in several 35 are the step sizes of the tap multiplier which are the control voltage of a 
phase shifter 3-1 thru/or 3-N, and the amplification degree of the adjustable amplifier 72-0 
thru/or 72- (L-1), respectively. In order to carry out right convergence of the algorithm of the 
signal-processing M-CMA method between space-time concerning this operation gestalt, two 
kinds of this step size needs to satisfy the following conditions. 
[0092] 

[Equation 37] muw=muvdeltav — here, the unit of deltav is a radian. 
[0093] As explained above, according to this operation gestalt, the signal of two or more 
perturbation terms which the rate of the signal which should be processed is reduced and 
corresponds to each antenna element can be taken out to accuracy by using the time-sharing 
filter bank circuit 10 which is a poliphase filter bank. Therefore, the A/D converter which can 
perform a very high-speed sampling as compared with a bit rate is not needed, but since it 
becomes a low speed, timing adjustment of a sampling also becomes easy, so, circuitry — being 
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easy — time accuracy — and control of the main beam and control of null are made to accuracy 
as a beam formation direction. 

[0094] <2nd modification> drawing 7 is the block diagram showing the time-sharing filter bank 
circuit 10 in the control device of the array antenna of the 2nd modification concerning this 
invention which is the modification of the 2nd operation gestalt, and the configuration of beam 
control circuit 20ta, and the same thing as drawing 5 and drawing 6 attaches the same sign. 
[0095] In the 2nd operation gestalt although it had M TRF circuits 61-0 thru/or 61- (M-1) 
between the time-sharing filter bank circuit 10 and 21 1 of beam control sections, it is 
characterized by having replaced with this and inserting one TRF circuit 61 which has the 
weighting factor specified by 21 1 of beam control sections between A/D converter 9 and the 
time-sharing filter bank circuit 10. Although 21 1 of beam control sections needs the baseband 
signaling yk before gain control, and 0 (baseband signaling psik of drawing 5 , 0) here in the beam 
control processing by the signal-processing M-CMA method between space-time, this is 
calculable by doing the division of baseband signaling psik outputted from the time-sharing filter 
bank circuit 10 of drawing 7 , and 0 by the weighting multiplier. Moreover, for this, instead, as a 
dashed line shows drawing 7 , time-sharing separation may be carried out and the baseband 
signaling yk before gain control and 0 (baseband signaling psik of drawing 7 , 0) may be taken out 
from the baseband signaling uk from A/D converter 9. 

[0096] According to the 2nd modification constituted as mentioned above, in addition to the 
operation effectiveness in the 2nd operation gestalt, the number of the TRF circuit 61 can be 
decreased substantially and this has the characteristic effectiveness that circuitry can be 
simplified more. 

[0097] <Operation gestalt of ** 3rd> drawing 8 is the block diagram showing the configuration of 
the time-sharing filter bank circuit 10 and 20m of beam control circuits in the control device of 
the array antenna which is the 3rd operation gestalt concerning this invention, and attaches the 
same sign about the same thing as drawing 1 thru/or drawing 7 , and drawing 10 . The control 
device of the array antenna of this operation gestalt is characterized by having 20m of beam 
control circuits which have 21m of beam control sections. 

[0098] 20m of beam control circuits is based on baseband signaling psik which is an output signal 
from A/D converter 9, and m (m= 0, 1 and 2, — , M-1) through a demodulator 7 and the time- 
sharing filter bank circuit 10. The minimum an average of 2 multiplication which carries out the 
detail after-mentioned and which deformed (it is hereafter called the M-LMS method.) Use and 
only a predetermined shift amount is made to precess each amount of phase shifts of a variable 
phase-shifter 3-1 thru/or 3-N by controlling the perturbation addition circuit 30, respectively. 
The variation delta yk and m which calculated the variation delta yk and m before and behind the 
perturbation of the baseband signaling yk and m outputted from the adjustable amplifier 82-0 
thru/or 82- (M-1) to each amount of phase shifts, and was calculated, Baseband signaling psik 
outputted through the time-sharing filter bank circuit 10 from A/D converter 9, and 0, The 
baseband signaling yk and m outputted from the adjustable amplifier 82, baseband signaling psik 
and the baseband signaling yk by which gain control was carried out with the adjustable amplifier 
82 in 0, 0 and the sign distinction value dk (it is the output of the sign distinction machine 83.) of 
that Based on the error signal ek of a between, so that the root mean square of the error signal 
ek concerned may serve as min It is characterized by calculating each above-mentioned amount 
of phase shifts and the above-mentioned gain gk for turning the main beam of the above- 
mentioned array antenna in the predetermined direction, and outputting to each variable phase- 
shifter 3-1 thru/or 3-N and the adjustable amplifier 82-0 thru/or 82- (M-1), respectively. 
[0099] 20m of beam control circuits is equipped with 21m of beam control sections, the 
adjustable amplifier 82-0 thru/or 82- (M-1), the sign distinction machine 83, and a subtracter 84, 
and they are constituted, baseband signaling psi into which each adjustable amplifier 82-0 
thru/or 82- (M-1) are inputted here — the baseband signaling yk and m by which amplified k and 
m on the control gain gk shown by the beam control section 81, and gain control was carried out 
— 21m of beam control sections — outputting — moreover — among those, baseband signaling 
yk and 0 are outputted to the sign distinction machine 83, a subtracter 84, and 21m of beam 
control sections. Subsequently, the sign distinction machine 83 calculates the sign distinction 
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value dk of the baseband signaling yk inputted, and outputs it to a subtractor 84 so that it may 
mention later. Furthermore, a subtractor 84 subtracts baseband signaling yk and 0 from the sign 
distinction value dk, and outputs the error signal ek of a subtraction result to the beam control 
section 81. And the beam control section 81 calculates the adjustable control voltage vk and i (i= 
1, 2, — , N), and outputs it to a variable phase-shifter 3-1 thru/or 3-N, respectively while it 
calculates the control gain gk using the M-LMS method based on an error signal ek in baseband 
signaling psik inputted, 0 and yk and m, and a list and outputs it to the adjustable amplifier 82. 
[0100] In the predetermined training period before performing data transmission in this beam 
control circuit 80 only based on baseband signaling psik after A/D conversion, using the M-LMS 
method By making only a predetermined shift amount precess each variable phase-shifter 3-1 
thru/or each phase shift control voltage vk and i to 3-N by controlling the perturbation addition 
circuit 30 The variation delta yk and m which calculated the variation delta yk and m before and 
behind the perturbation of the baseband signaling yk and m outputted from the adjustable 
amplifier 82 to each amount of phase shifts, and was calculated, Baseband signaling psik 
outputted through the time-sharing filter bank circuit 10 from A/D converter 9, and 0, The 
baseband signaling yk and m outputted from the adjustable amplifier 82-0 thru/or 82- (M-1), 
baseband signaling yk, 0 sign distinction values dk (it is the output of the sign distinction machine 
83.) Based on baseband signaling yk and the error signal ek between 0, so that the root mean 
square of the error signal ek concerned may serve as min Each above-mentioned amount of 
phase shifts and the above-mentioned gain for turning the main beam of the above-mentioned 
array antenna in the predetermined direction are calculated, and it outputs to each variable 
phase-shifter 3-1 thru/or 3-N and the adjustable amplifier 82-0 thru/or 82- (M-1), respectively. 

[0101] In the control device of the array antenna constituted as mentioned above, 20m of beam 
control circuits forms the main beam of an array antenna 100 in the predetermined direction 
accommodative so that the root mean square of the error signal ek generated with the 
subtractor 84 of 20m of beam control circuits may serve as min. Although a low noise amplifier 
2-1 thru/or 2-N and a variable phase-shifter 3-1 thru/or 3-N need N individual corresponding to 
the element number N of an antenna element 1-1 thru/or 1-N in the control unit of the 
constituted array antenna, the number of each circuitry elements is one sufficient in the circuit 
after the synthetic vessel 4. Therefore, as compared with the conventional example shown in 
drawing 10 , a hardware configuration is easy, and since there are few circuitry elements, there is 
little power consumption. 

[0102] Subsequently, the control algorithm in 20m of beam control circuits is explained. First, the 
baseband signaling yk and m which is outputted from the adjustable amplifier 82-0 thru/or 82- 
(M-1) and by which gain control was carried out is expressed with a degree type. 
[0103] 

[Equation 38] yk, m^gkpsik, m [0104] Here, psik and m are the baseband signaling which was 
outputted through the time-sharing filter bank circuit 10 from A/D converter 9, and was 
expressed with complex, gk is the gain of the adjustable amplifier 82-0 thru/or 82- (M-1) 
expressed with the real number, and yk and m show each output signal of the adjustable amplifier 
82-0 thru/or 82- (M-1) expressed with complex. At this time, an error signal ek is defined like a 
degree type. 
[0105] 

[Equation 39] ek=dk-yk, 0 [0106] Here, dk is an output signal which shows the sign distinction 

value from the sign distinction machine 83, and is calculated like a degree type. 

[0107] 

[Equation 40] dk=sgn[Re(yk)]+j-sgn [Im (yk)] 

[0108] Here, Re [-] is a function which shows the real number of an argument, and Im [-] is a 
function which shows the imaginary of an argument. Moreover, sgn [x] is a sign discriminant 
function and is defined as follows. 
[0109] 

[Equation 41] sgnfx] 

= At the time of 1; x>=0 = it is [01 10] at the time of -1; x<0. At this time, the gain of each 
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adjustable amplifier 82-0 thru/or 82- (M-1) is updated like a degree type. 
[0111] 

[Equation 42] gk=gk-1+muRe [psik, Oek*] 

[01 12] Here, mu is called a step size parameter and is the suitable constant of 0< mu<1. 
Moreover, * shows a complex conjugate. On the other hand, the control voltage of variable- 
phase machine 3-i is updated like a degree type. 
[0113] 

[Equation 43] vk, i=vk -1, i+mu Re (ek*delta yk and i) 

[01 14] At this time, Variation delta yk and i is calculated like a degree type. 
[0115] 

[Equation 44] deltayk, i=yk, 0 (1 vk- 1,1,— vk- 1, i+deltav, — f vk- N) 

- yk, 0 (1 vk- 1, 1, — , vk- 1, i, — , vk- N) 

[01 1 6] phase shift control voltage vk- of the time of day k-1 in case the 2nd term of the several 
44 right-hand side does not add a perturbation electrical potential difference — 1,1, — , vk-1, i, 

— and the baseband signaling yk with which gain control of [ when impressing vk-1 and N to 
each variable phase-shifter 3-1 thru/or 3-N ] was carried out are shown, moreover, the 1st 
term of the several 44 right-hand side — phase shift control voltage vk- of time of day k-1 — 1, 
1 f — , vk-1, i, — , vk-1, and N — in addition, the baseband signaling yk with which gain control of 

[ when applying perturbation electrical-potential-difference deltav to an excess ] was carried out 
only to variable-phase-shifter 3-i corresponding to i-th antenna element H, and 0 are shown. 
And delta yk(s) and i which are expressed with several 44 are the variation yk of these two 
signals, i.e., the baseband signaling before and behind perturbation, and the variation of 0. 
[01 1 7] Therefore, based on the baseband signaling yk before and behind the calculated 
perturbation, the variation delta yk and i of 0, and an error signal ek, the phase shift control 
voltage vk and i is calculated and set up so that clearly from several 43. And the adjustable 
amplifier 82-0 thru/or the gain gk of 82- (M-1) are determined and set up so that from several 
42, and the root mean square of an error signal ek may serve as min. Thus, by carrying out beam 
control, by using the pilot signal used by the preamble especially used by TDMA etc., CDMA, etc. 
as a request signal, the main beam of the array antenna concerned can be turned in the 
predetermined direction, and a subcarrier pair interference wave power ratio (CIR) turns a beam 
in the direction of a request wave, also when level is lower than an interference wave, and minus, 
i.e., a request signal, can form null in the direction of an interference wave. 

[01 18] In this operation gestalt, digital signal processing performs amplitude control to the output 
baseband signaling yk and m which minded the time-sharing filter bank circuit 10 from A/D 
converter 9, and by variable-phase-shifter control of a microwave band (RF band), since a 
phase-shifter input signal cannot be observed, the amount of updating of a multiplier is 
calculated by the perturbation. Moreover, by amplitude control, since the output baseband 
signaling yk and m is acquired as a digital signal, an amplitude presumption algorithm is obtained 
in several 42 format. Moreover, since the invented algorithm uses the same norm as the well- 
known LMS method of minimization of the mean square of an error signal ek, it is calling the 
invented algorithm the "M-LMS method." 

[01 19] the adaptive array realized in the DBF circuit since beam control was carried out using 
the M-LMS method according to this operation gestalt as explained above — the same — a 
beam and null — it can control and is — in addition, since RF band can perform beam shape **, 
there is an advantage that the cutback of circuit magnitude or cost is attained as compared with 
the conventional example. Therefore, a configuration is easy and there is little power 
consumption. Moreover, by using the pilot signal used by the preamble used by TDMA etc., 
CDMA, etc. as a request signal, a subcarrier pair interference wave power ratio (CIR) turns a 
beam in the direction of a request wave, also when level is lower than an interference wave, and 
minus, i.e., a request signal, can form null in the direction of an interference wave. Therefore, 
even if it is an inferior environment, adaptation actuation can be carried out to stability. 
[0120] Moreover, according to this operation gestalt, the signal of two or more perturbation 
terms which the rate of the signal which should be processed is reduced and corresponds to 
each antenna element can be taken out to accuracy by using the time-sharing filter bank circuit 
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10 which is a poliphase filter bank. Therefore, the A/D converter which can perform a very high- 
speed sampling as compared with a bit rate is not needed, but since it becomes a low speed, 
timing adjustment of a sampling also becomes easy, so, circuitry — being easy — time accuracy 
— and control of the main beam and control of null are made to accuracy as a beam formation 
direction. 

[0121] <3rd modification> drawing 9 is the block diagram showing the time-sharing filter bank 
circuit 10 in the control device of the array antenna of the 3rd modification concerning this 
invention which is the modification of the 3rd operation gestait, and the configuration of beam 
control circuit 20ma, and the same thing as drawing 8 attaches the same sign. 
[0122] In the 3rd operation gestait, although it had the adjustable amplifier 82-0 thru/or 82- (M- 
1) between the time-sharing filter bank circuit 10 and 21m of beam control sections, it is 
characterized by having replaced with this and inserting one adjustable amplifier 82 which has 
the weighting factor specified by 21m of beam control sections between A/D converter 9 and 
the time-sharing filter bank circuit 10. Although 21m of beam control sections needs the 
baseband signaling yk before gain control, and 0 (baseband signaling psik of drawing 8 , 0) in the 
beam control processing by the M-LMS method here, this is calculable by doing the division of 
baseband signaling psik outputted from the time-sharing filter bank circuit 10 of drawing 9 , and 
0 on the control gain gk. Moreover, for this, instead, as a dashed line shows drawing 9 , time- 
sharing separation may be carried out and the baseband signaling yk before gain control and 0 
(baseband signaling psik of drawing 9 , 0) may be taken out from the baseband signaling uk from 
A/D converter 9. 

[0123] According to the 3rd modification constituted as mentioned above, in addition to the 
operation effectiveness in the 3rd operation gestait, the number of the adjustable amplifier 82 
can be decreased substantially and this has the characteristic effectiveness that circuitry can 
be simplified more. 

[0124] In the operation gestait more than modification > besides <, although digital signal 
processing is performed in the subsequent circuit after carrying out A/D conversion of the 
baseband signaling using A/D converter 9, A/D converter 9 may not be inserted but signal 
processing may be analogically performed in a subsequent circuit. 

[0125] In the above operation gestait, although the perturbation addition circuit 30 consists of 
circuits where each beam control circuits 20, 20a, and 20t, 20ta, 20m, and 20ma are another, it 
may unify and constitute the function of the perturbation addition circuit 30 from software or 
hardware circuitry in each beam control circuits 20, 20a, and 20t, 20ta, 20m, and 20ma. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] Furthermore, since this invention persons experimented in the interference oppression 
property of the adaptive array adapting a poliphase filter of the M-CMA method concerning the 
1st operation gestalt by computer simulation, they explain the experiment approach and 
experimental result in full detail below. 

[0127] It was premised on the transmitter-receiver configuration which applied differentially 
coherent detection to the wave detector, using a QPSK modulation technique as a modulation 
technique. Moreover, the transmission line applied the AWGN (Additive White Gaussian Noise) 
channel. An antenna is a linear array antenna of half-wave length spacing, and the element 
number was set to 4. moreover — if the direction of a transverse plane of a linear array antenna 
is made into 0 times — the wave of choice — the direction of -50 degrees to an interference 
wave — from the direction of 30 degrees — etc. — the environment which carries out incidence 
on level was assumed. Moreover, the multiplier of the M~CMA method was set as p^q^l, and it 
considered as the step size mu= 0.0001. The exaggerated sample carried out by 4 times the 
symbol rate for reduction of processing speed. Moreover, the initial state of an array antenna 
forms the beam in the direction of a transverse plane. 

[0128] Drawing 1 1 is as a result of [ of the 1st operation gestalt ] simulation, and is a graph 
which shows the directivity response pattern in the case of a four-element linear array antenna. 
The beam which has the about 12dB array factor of a theoretical limitation in the direction of 
the wave of choice is formed so that clearly from drawing 1 1 . It turns out that deep null can be 
formed in the direction of an interference wave. However, when SNR is low, the location of null is 
shifted a little. Control concentrates on the direction which forms a beam and this is considered 
for sensibility to fall to null somewhat, when SNR is low. 

[0129] Drawing 12 is as a result of [ of the 1st operation gestalt ] simulation, and is a graph 
which shows the property of a bit error rate (BER) over the subcarrier/noise power ratio in the 
case of a four-element linear array antenna (CNR). In drawing 1 2 , the property of the 
differentially coherent detection at the time of the four-element maximum ratio composition 
diversity reception in conditions without interference is shown as a theoretical value. Since the 
adaptive array using the M-CMA method not only turns a beam to the wave of choice, but can 
form sharp null in the direction of an interference wave, in all CNR conditions, it turns out that 
the outstanding property which carries out asymptotic to a theoretical value even at 1.5dB is 
acquired. It is thought that this 1.5dB degradation is based on the sensibility lowering to the null 
mentioned above. 

[0130] As explained above, the poliphase filter was used as the effective implementation 
approach of the M-CMA method which enables adaptation beam control in the analog beam 
shape molding adaptive array in which small and low-pricing are possible. In the renewal type of a 
multiplier of the M-CMA method, the "perturbation term" and "a non-precessing term" of this 
time of day are theoretically needed. It uses that consider as the approach of acquiring this 
signal simply, and the time-sharing filter bank circuit 10 equipped with each filter bank which 
constitutes a poliphase filter outputs the completely same wave as this time of day. That is, 
different perturbation for every filter or a non-precessing term is outputted to each poliphase 
filter in the time-sharing filter bank circuit 10 by distributing the signal which does not receive a 
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perturbation with a carrier beam signal. 
[0131] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the control device of the array 
antenna which is the 1st operation gestalt concerning this invention. 

[Drawing 2] It is the block diagram showing the detailed internal configuration of the time-sharing 
filter bank circuit 10 of drawing 1 , the beam control circuit 20, and the perturbation addition 
circuit 30. 

[Drawing 3] It is the block diagram showing the example of the time-sharing filter bank circuit 10 
of drawing 2 of operation. 

[Drawing 4] It is the block diagram showing the configuration of the time-sharing filter bank 
circuit 10 in the control device of the array antenna of the 1st modification concerning this 
invention which is the modification of the 1st operation gestalt, and beam control circuit 20a. 
[Drawing 5] It is the block diagram showing the configuration of the time-sharing filter bank 
circuit 10 and 20t of beam control circuits in the control device of the array antenna which is 
the 2nd operation gestalt concerning this invention. 

[Drawing 6] It is the block diagram showing the detailed internal configuration of the TRF circuit 
6 1 of drawing 5 . 

[Drawing 7] It is the block diagram showing the time-sharing filter bank circuit 10 in the control 
device of the array antenna of the 2nd modification concerning this invention which is the 
modification of the 2nd operation gestalt, and the configuration of beam control circuit 20ta. 
[Drawing 8] It is the block diagram showing the configuration of the time-sharing filter bank 
circuit 10 and 20m of beam control circuits in the control device of the array antenna which is 
the 3rd operation gestalt concerning this invention. 

[Drawing 9] It is the block diagram showing the time-sharing filter bank circuit 10 in the control 
device of the array antenna of the 3rd modification concerning this invention which is the 
modification of the 3rd operation gestalt, and the configuration of beam control circuit 20ma. 
[Drawing 10] It is the block diagram showing the configuration of the control device of the array 
antenna of the conventional example. 

[Drawing 1 1] It is as a result of [ of the 1st operation gestalt ] simulation, and is the graph which 
shows the directivity response pattern in the case of a four-element linear array antenna. 
[Drawing 12] It is as a result of [ of the 1st operation gestalt ] simulation, and is the graph which 
shows the property of a bit error rate (BER) over the subcarrier/noise power ratio in the case of 
a four-element linear array antenna (CNR). 
[Description of Notations] 

1- 1 thru/or 1-N — Antenna element 

2- 1 thru/or 2-N — Low noise amplifier (LNA), 

3- 1 thru/or 3-N — Variable phase-shifter, 

4 — Synthetic vessel, 

5 — Down converter, 

6 — Band-pass filter (BPF), 

7 — Demodulator, 

8 — Low pass filter (LPF), 
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9 — A/D converter 

10 — Time-sharing filter bank circuit, 

11- 1 thru/or 11 -(M-1)— Delay circuit, 

12- 0 thru/or 12 -(M-1) — Down sampler, 

13- 0 thru/or 13 -(M-1)— Digital filter, 

14- 0 thru/or 14 -(M-1) — Down sampler, 

20, 20a, 20t, 20ta, 20m, 20ma — Beam control circuit, 

21, 21 1, 21m — Beam control section, 

22-0 thru/or 22 -(M-1) — Adjustable amplifier, 

23 — Reference signal generator, 

24 — Subtracter, 

30 — Perturbation addition circuit, 

31 — Perturbation addition voltage generator, 

32 — Switch controller, 

33- 1 thru/or 33-N — Adder, 

34- 1 thru/or 34-N — Switch, 

61, 61-0, or 61 -(M-1) — Transversal filter circuit (TRF circuit), 
70 — TDL circuit, 

71- 1 thru/or 71 -(L-1)— Delay circuit, 

72- 0 thru/or 72 -(L-1) — Adjustable amplifier, 
73 — Adder, 

100 — Array antenna. 
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